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BACKGROUND 


Coastal South Florida is a region of diverse and striking natural beauty. Within a 
radius of a hundred miles or so lics a unique combination of tropical and subtropical 
habitats, from the Everglades “river of grass” to the corals of the Florida Reef Tract, 
from the lush scagrass meadows of Florida Bay to the dense mangrove forests of the 
Ten Thousand Islands. These habitats support an abundance of fish and wildlife, sustain 
valuable commercial and recreational fisheries; and attract angicrs, divers, naturalists, 
and other tourists from all over the world. The region includes over 60 sites of special 
concern, including State and National parks, aquatic preserves, wildlife refuges, and 
marine and estuarine sanctuaries. 


South Florida is also an oil and gas producing region. In 1943, Humble Oil and 
Refining Company discovered oil near the Collier County railroad water stop of 
Sunniland (Montgomery 1987). Since then, 14 producing fields have been discovered 
along a feature now known as the Sunniland Trend (Figure 1.1). South Florida ficlds 
have yielded 92 million barrels of oil and 8 billion cubic fect of natural gas through 
1988 (D. Curry, pers. comm. 1989, Florida Bureau of ). By comparison with 
major oil producing states such as Alaska and Texas, these figures are modest; in 1988, 
Florida ranked 19th nationally and accounted for about 0.26% of total domestic oil 
production (Energy Information Administration 1989). 


Geologically, the Sunniland Formation is part of the South Florida Basin, which 
encompasses the mainland of South Florida, as well as the Florida Keys, Florida Bay, 
and the Southwest Florida shelf (Figure 1.1). The true hydrocarbon potential of the 
basin is uncertain because only a few hundred wells have been drilled to evaluate an 
area of over 200,000 km? (Montgomery 1987). Most experts believe that several 
formations other than the Sunniland hold potential for commercially significant finds 
(Amato et al. 1986; Faulkner and Applegate 1986; Applegate 1987; Montgomery 1987). 
Offshore portions of the basin arc believed to hold greater potential because the 
sedimentary environment is more geochemically mature (Faulkner and Applegate 1986). 


oie an of increasing industry interest in South Florida, the Minerals Management 

Service (MMS)! recently to lease Federal offshore tracts in the Straits of 
Florida, near the Florida A lease sale in this area was included in the P 
5-Year Outer Continental Shelf Oil and Gas | P m (hereafter referred to as 
the 5-Year Program) issued in July 1987 (MMS 1987). er, in response to 

tion from the State of Florida, the Secretary of the Interior deieted the proposed 
sale from the 5-Year Program in March 1988. At the same time, the Secretary deferred 
adjacent areas from leasing under two Eastern Guif of Mexico Planning Areca sales that 
remained in the 5-Ycar Program. Deletion of the proposed lease sale from the 5-Year 

allowed additional time to gather and synthesize information about potential 
mental and socioeconomic ¢ of offshore drilling and production. 


lhe MMS is an of the US. Department of the Interior that leases submerged Federal lands and 


ol and production. Prior to 1982, these functions were the 
relponsibiity of the Barkee of Land biskagement 


Figure 1.1. 
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Offshore icasing in Scuth Ficrida is controversial because of the environmental, 
coonomic, and aesthetic value of the region’s coastal and nearshore habitats. The 
possibility of a major oil spill has received the most public aticntion, particularly since 
the March 1989 Exxon Valdez spill in Prince William Sound, Alaska. Other potential 
environmental and sociocconomic effects associated with routine offshore exploration 
and production have received less attention, bul must also be weighed in future 
decisions about Icasing in the arca. 


OBJECTIVES 


Numerous epvironmenial and socisecoromic studies have becn conducted in South 
Florida by various Federal and State agencies, university researchers, private organiza- 
tions, and individuals (sce Appendix A for a brief listing of studics conducted by the 
U.S. Department of the Interior). The MMS sponsored this study to summarize the 
available information and evaluate , Stential effects of offshore oil and gas exploration 
and development. The synthesis wiil help Federal and State policy makers to reach 
informed decisions about future lease offerings and environmental restrictions on 
offshore oil and gas operations. 


The specific objectives of the study were (1) to review and synthesize geological, 
chemical, biological, cultural resource, and soc,occonomic informat.on for the study arca; 
(2) to evaluate potential effects of offshore oil and gas exploration and development: 
and 4) 10 recommead mitigation measures and evaluate future research necds. 


STUDY AREA 


The study arca includes the Straits of Florida, the Florida Keys, the Dry Tortugas, 
Florida Bay (including portions of Everglades National Park), the Ten Thousand Islands 
region, and part of the Southwest Florida continental shelf (Figure 1.2). The synthesis 
focuses on the area between the mean high water mark and the 200-m isobath. 
Pertinent information from surrounding areas (e.g., U.S. Exclusive Economic Zonc) is 
included as appropriate. 


From a leasing standpoint, the study arca consists of two parts (Figure 1.2): 


@ The Straits of Florida Planning Area south of 25°07°N. This area was 
Originally scheduled for a lease sale in 1991 under the 5-Year Program 
(MMS 1987). Howeve’, the Secretary of the Interior deleted the sale from 
the 5-Year Program in March 1988 after negotiations with the Stute of 
Florida. The MMS had already stated that the northern part of the Straits 
of Florida Planning Area would be deferved if a lease sale were held. 


@ The southern portion (expansion area) of the Eastern Gulf of Mexico 
Planning Area. Under the 5-Year Program, this area could have been 
offered for lease in two sales scheduled for 1988 and 1991. The areca was 
deferred from leasing in March 1988 un .. the agreement between the 
Secretary of the Interior and the State of Florida. 


Additional information on the leasing history and status of South Florida is 
presented in Chapter 12. 
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METHODS AND REPORT ORGANIZATION 


Information on various environmental and socioeconomic topics was synthesized dy 
experts in each discipline. Information was collected through computer searches, 
telephone contacts, and library visits (Appendix A), and authors were supplied with 
literature according to their individual needs. 


The manuscript is organized by discipline. Chapter 2 (Geologic Setting) and 
Chapter 3 (Environmental Chemistry) describe the abiotic environment.? Chapters 4 
through 9 discuss biological topics: Coastal and Nearshore Communities, Offshore 
Benthic Communities; Plankton; Fish Communities and Fisheries Biology; Marine 
Mammals and Sea Turtles; and Coastal and Marine Birds. The next two chapters focus 
on the human environment, past (Chapter 10, Submerged Cultural Resources) and 
present (Chapter 11, Socioeconomics). Chapters 12 through 16 are devoted to 
evaluating potential effects of offsuore oil and gas exploration and development. 

Finally, Chapter 17 (Conclusions and Recommendations) summarizes major findings and 
presents recommendations for mitigation measures and further studies. 


Each chapter begins with an Introduction and ends with a Conclusions section that 
highlights significant findings, identifics gaps in knowledge and understanding, and 
describes further studics that could help to fill those gaps. In the descriptive chapters 
(2 through 11), the Conclusions sections focus on basic knowledge rather than informa- 
tion needed for management decisions. The findings and information needs that are 
most important for management decisions are drawn togethcr in Chapter 17 
(Conclusions and Recommendations). 
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*' physical oceanography chapter is not included because that information ts being synthesized under a 
separate MMS contraci. Bnet discussions of physical oceanography are presented in Chapters 2 and 6. 
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INTRODUCTION 


South Florida is part of a vast, gently sloping, carbonate platform. It consists of a 
variety of environments ranging from the reef-rimmed margin seaward of the Florida 
Keys, through the relatively low-energy, protected Florida Bay environment, to the more 
open Southwest Florida margin. Modern sediment types reflect these different environ- 
ments, ranging from almost pure carbonate in the Florida Keys/Reef Tract and Florida 
Bay, to essentially pure quartz sands along the inner Southwest Florida shelf, to almost 
pure carbonate again on the outer Southwest Florida shelf and slope. 


For discussion purposes, the South Florida study area will be divided into three 
units: (1) the Florida Keys and Reef Tract; (2) Florida Bay; and (3) the Southwest 
Florida continental margin, including the shelf and upper slope (Figure 2.1). Each 
represents a distinct environment from a geologic perspective and will be discussed 
separately. The discussion will focus on the region extending from the coastline to a 
depth of approximately 200 m, which corresponds generally to the outer continental 
shelf to upper continental slope zone. The area known as the Straits of Florida will not 
be dealt with separately, but will be incorporated into other discussions. 


The review begins with a brief section on the general geologic history and physical 
oceanographic setting of the area. Physical oceanography is included because in many 
cases physical oceanographic processes influence the geologic development and modern 
configuration of the platform. Each of the three units recognized above is then 
discussed individually in terms of recent geologic development and modern configura- 
tion, including patterns, processes, and controls influencing modern distribution. 
Discussions are based upon the extent of knowledge of each unit and therefore vary 
somewhat in content. The review ends with a discussion of petroleum geology and 
geohazards, followed by an evaluation of data gaps and further research needs. 
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Figure 2.1. Geomorphic units of the study area: (1) Florida Keys and Reet Tract, (2) Florida Bay, and (3) Southwest Florida 
continental margin (Adapted from: Hoffmeister 1974). 
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REGIONAL SETTING 
Geologic History 


South Florida is the southern extent of the vast Florida platform, a southward 
thickening wedge of Mesozoic and Cenozoic carbonates and evaporites that reaches a 
thickness of at least 5,000 m in the South Florida Basin (Figure 1.1) (Pyle et al. 1974; 
Montgomery 1987). The geologic basement beneath South Florida consists of a 
patchwork of igneous, metamorphic, and sedimentary rocks possibly ranging in age from 
i> Allien tena Gite Cotacine to tnate Gan 2D eolities vane (Chaka @ 
possibly pre-Cambrian) (Pyle et al. 1974). This patchwork has characteristics of both 
oceanic and continental crust. Therefore, it probably represents “transitional” crust 
(Krivoy and Pyle 1972; Martin 1976; Schlager et al. 1984) because it occupies a broad, 
transform-fault boundary between the northwest-trending Bahamas and Campeche 
fracture zones linking Atlantic and Gulf of Mexico spreading centers (Klitgord et al. 
1984). The South Florida Basin, which occupies approximately 200,000 km? encom- 
passing almost the entire South Florida peninsula, was probably formed by block 
faulting associated with these fracture zones when they were active during the Triassic- 
Jurassic period (Klitgord et al. 1984). Thus, the South Florida Basin is a very old, 
structurally controlled feature. 


Since its formation in the Mesozoic, the South Florida Basin has remained a largely 
undisturbed site of continuous carbonate-evaporite deposition. Figure 2.2 shows a 
generalized stratigraphic section of the South Florida Basin from the Triassic-Jurassic to 
the present. Overlying basement is the Late Jurassic-Early Cretaceous Wood River 
Formation, consisting of a basal section of thin shales, fine- to coarse-grained arkosic 
sandstone, and red calcareous sandstone. Overlying these rocks are occasional salt 
Stringers and a thick sequence of anhydrite and microcrystalline brown dolomite, with 
minor amounts of micritic limestone. The Wood River Formation averages about 
900 m in thickness and is interpreted to have formed during a marine transgression 


(Applegate and Lioyd 1987; Montgomery 1987). 


Overlying the Wood River Formation are the Bone Island and Pumpkin Bay 
Formations. Both are similar to the upper Wood River Formation, consisting of 
limestone, dolomite, and anhydrite, but with a somewhat greater abundance of micritic 
and Oolitic limestone. Average thicknesses for the Bone Island and Pumpkin Bay 


Formations are approximately 600 m and 365 m, respectively (Applegate and Lioyd 
1987). 


Overlying the Pumpkin Bay Formation is the Lehigh Acres Formation, which 
consists of three members. The lowermost is the West Felda Shale, which is interpreted 
to represent a brief transgressive period. Overlying this shale is the Twelve Mile 
Member, consisting of micritic, pelletal and oolitic limestone, brown dolomite, and 
argillaceous limestone. Above the Twelve Mile Member is the Able Member, consisting 
of anhydrite interbedded with micritic and argillaceous limestones. Collectively, all three 
uni, of the Lehigh Acres Formation average 200 m in thickness (Applegate and Lloyd 


1987; Montgomery 1987). 


The Early Cretaceous Punta Gorda Formation directly overlies the Able Member of 
the Lehigh Acres. The major portion of the Punta Gorda is anhydrite overlain by 
micritic limestone, dense dolomite, and thin calcareous shale. The unit is interpreted to 
have developed in a sabkha-type tidal flat environment. It averages approximately 


180 m in thickness (Applegate and Lioyd 1987; Montgomery 1987). 
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,@ 2.2. General stratigraphic sections of the South Florida Basin (Adapted from: 
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Geologic Setting 


The overlying Sunniland Formation has been the most intensively studicd unit of 
the South Florida Basin because it is the only petroleum-producing interval identified to 
date. Most researchers agree that it formed in a warm, shallow, marinc-shelf scttng 
during the Early Cretaccous (Montgomery 1987). The Sunniland Formation gencrally 
consists of a combination of limestone. dolomite, and anhydrite, and averages 85 m in 
thickness. The producing zones consist of grainstone mounds interpreted to represent 
either in situ fragmented remains of localized reef buildups, or fragmented and reworked 
debris from rudistid reefs (Applegate and Liovd 1987; Montgomery 1987). Alternatively, 
the mounds may have originated in a tidal mudflat setting similar to the modern Florida 
Bay environment (Mitchell-Tapping 1986). 


Immediately overlying the Sunniland Formation and acting as a caprock is the Lake 
Trafford Anhydrite. The unit consists of both marine anhydrite and anhydrite inter- 
bedded with argillaceous limestone, interpreted to have formed during a continued sca 
level regression. Average thickness is approximatcly 45 m (Appicgate and Lioyd 1987, 
Montgomery 1987). 


Above the Lake Trafford Anhydrite is a 900-m-thick section of interbedded lime- 
stone, dolomite, and anhydrite, representing the remainder of the Early Cretaceous. 
From oldest te youngest, individual units include the Rattlesnake Hammock Formation, 
Marco Junction Formation, Gordon Pass Formation, Dollar Bay Formation, Panther 
Camp Formation, Rookery Bay Formation, and Corkscrew Swamp Formation 
(Figure 2.2). During the Early Cretaceous, when these units were deposited, South 
Florida remained a shallow, partly starved basin separated from the open ocean by a 
continuous, shelf-cdge reef trend (Applegate and Lioyd 1987; Montgomery 1987). 
Overlying these units is the Late Cretaceous Pine Key Formation, which consists of a 
soft, chalky carbonate and contains “boulder zoncs" or zoncs of large caverns. It 
averages 900 m in thickness and is interpreted to have formed during a major sca level 
transgression (Applicgate and Lloyd 1987; Montgomery 1987). 


The Paleocene Epoch in South Florida is represented by the 600-m-thick Cedar 
Keys Formation, which consists of dolomite and anhydrite; the Eocene by the Oldsmar, 
Lake City, Avon Park, and Ocala Formations (limestones), which collectively average 
760 m in thickness; the Oligocene by the 60-m-thick Suwannee Limestone; and the 
Miocene by the 60-m-thick Tamiami Formation, which consists of clay-to-sand-rich 
phosphatic dolomite. Pleistocene and Recent units will be discussed in subsequent 
sections. In gencral, South Florida during the Cenozoic scems to have been a stahc 
carbonate platform undergoing continual subsidence and influcnced by multipic sca level 


fluctuations (Applegate and Lloyd 1987; Montgomery 1987). 


Physical Oceanography 


The physical environment of the Straits of Florida is dominated by the Florida 
Current, a surface current that flows east and then north, linking the Loop Current of 
the Gulf of Mexico with the Gulf Stream (Figure 2.3). Surface velocitics average 
100 cm/s, but reach up to 250 cm/s in the core of the flow (Richardson ct al. 1969). 
Average downstream veiocitics tend to increase in the northern Straits, presumably as a 
result of the decreased cross-sectional area of the channel (Lee 1989). A countercurrent 
occurs landward of the Florida Current, west of the Lower Keys (Brooks and Niiler 
1975), but has not been reported off Miami (Lee 1989). The origin of the counter- 
current is uncertain, but it may represent a cyclonic recirculation of Florida Current 
water (Brooks and Niiler 1975). A deep countercurrent has also been identified, with 
velocities reaching 90 cm/s off Miami (Lee 1989). In the southern Straits, this counicr- 
current exists at depths ranging from 430 to 600 m or more below sca level (Stewart 
1962; Brooks and Niiler 1975). Muddy sediment drifts at the junction between the 
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Figure 23. General configuration of the Loop Current in the Gulf of Mexico. 
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southern Straits of Florida and Gulf of Mexico (Brunner 1986) suggest that these deep 
currents have been capable of transporting relatively large quantities of mud-sized 
sediments in the recent geologic past. Between 200- and 430-m water depths exists a 
zone of reversal over which the flow gradually changes direction (Stewart 1962; Brooks 
and Niiler 1975). Flow velocities are sluggish throughout this entire zone. 


The Southwest Florida continental shelf is under the influence of several physical 
processes that affect surface geology. Currents, tides, and surface waves operating 
independently and in combination have been shown to significantly influence sediment 
distribution and the overall geologic configuration of the shelf and upper slope. The 
Loop Current per se rarely intrudes onto the shelf landward of the 100-m isobath, but 
associated phenomena, such as warm filaments, frequently intrude into the study area 
(Environmental Science and Engineering, Inc. et al. 1987). Periodic or intermittent 
intrusion of Loop Current water onto the shelf has been identified as a possible 
mechanism for the southerly transport of sediments along the outer shelf (Neurauter 
1979). 


Tides on the Southwest Florida shelf are mixed diurnal/semidiurnal and weakly 
developed, with ranges of approximately 0.7 m during neap tides and 1.5 m during 
spring tides (Environmental Science and Engineering, Inc. et al. 1987). Tidal currents 
are strongest along the inner shelf, where velocities commonly exceed 20 cm/s 
(Environmental Science and Engineering, Inc. et al. 1987)--sufficient to transport even 
sand-sized material. In addition, strong reversing tidal currents have been observed as 
they are funnelled between the shallow carbonate banks (e.g., Marquesas Keys and Dry 
Tortugas) along the southern shelf-slope break. Shallow-water carbon: '* sediments 
deposited on the Southwest Florida slope have, in part, been attributed to transport and 
eventual deposition by these tidal currents (Milligan 1962; Brooks 1986a). 


Surface waves are important from a geological perspective, in that they can erode 
bottom sediments that ultimately may be transported and deposited elsewhere. Waves 
on the Southwest Florida shelf are predominantly from the east and northeast from 
September through February, and from the east and southeast from March through 
August (Environmental Science and Engineering, Inc. et al. 1987). Mean monthly wave 
heights range from 0.7 to 1.5 m, with the highest between November and March 
(Environmental Science and Engineering, Inc. et al. 1987). Based upon wave buoy data, 
Danek and Lewbel (1986) calculated that surface wave energy in water depths <15 m 
commonly penetrates to the bottom and resuspends bottom sediments. Surface wave 
energy becomes less influential with increasing water depth and probably never pene- 
trates to depths >125 m. 


The most important physical parameters from a geologic perspective include 
Short-term phenomena (e¢.g., the passage of hurricanes, tropical storms, and frontal 
systems) and the intermittent shoreward intrusion of warm filaments associated with the 
Loop Current. Warm filament intrusions can extend across nearly the entire shelf and 
can increase the average current velocity by a factor of two for 5 to 10 days 
(Environmental Science and Engineering, Inc. et al. 1987), thereby increasing the 
potential for bottom sediment erosion and transport. 


Hurricanes. tropical storms, and winter cold fronts can greatly increase bottom 
current velocities, and consequently, the potential for sediment erosion and transport. 
Bottom currents during the 1985 Tropical Storm Bob showed rapid responses to surface 
wind stresses landward of the 50-m isobath, and showed an increase in velocity from 5 
to 35 cm/s at a water depth of 10 m (Environmental Science and Engineering, Inc. et al. 
1987). These high-energy events are probably responsible for the export of cold, dense 


13 


Geologic Setting 


water (during winter cold fronts) (Roberts et al. 1982) and off-shelf transport of 
shelf-derived sediments along the Southwest Florida margin (Brooks 1986a). 


The main physical parameters influencing the geology of Florida Bay (Figures 2.1 
and 2.4) are tides and wind-generated currents. Tidal exchange between Florida Bay and 
the Atlantic Ocean is limited by the Florida Keys. Similarly, tidal exchange between the 
Bay and the Gulf of Mexico is confined to the relatively few channels between the large, 
western mudbanks. Within the bay, circulation is further restricted by the near-surface 
mudbanks (McCallum and Stockman 1972; Merriam 1989). Notwithstanding, tidal 
currents in some parts of Florida Bay are an important factor affecting sediment 
distribution (Roberts et al. 1977). However, major changes usually occur during severe 
storms, which effectively suspend and redistribute sediments throughout the Florida Bay 
area (Price 1967; Merriam 1989). 


Along the Florida Keys and Reef Tract (Figures 2.1 and 2.4), the strong Florida 
Current does not normally impinge directly on the shallow shelf, but stays immediately 
seaward of the shelf break. Its direct effect on the distribution of shelf sediments, 
therefore, is minimal. Currents on the inner shelf margin (just seaward of the Keys) are 
tidally controlled, and although they reverse in response to ebb and flood, show a slight 
westward component (Enos 1977). Velocities average 5 to 15 cm/s, but have been 
reported as high as 34 cm/s. Where tidal flow is channeled by the Florida Keys, 
velocities can be much greater, reaching up to 130 cm/s (Enos 1977). Currents on most 
parts of the outer shelf margin (just landward of the Reef Tract) correlate closely with 
wind direction and velocity. Prevailing winds are the southeast trade winds during 
summer and northeast storm-generated winds during winter. Current measurements and 
direct observations suggest that wind-driven currents are the most effective processes 
influencing sediment transport on the margin (Enos 1977). 


FLORIDA KEYS AND REEF TRACT 


The Florida Keys are a narrow chain of small islands extending from the vicinity of 
Miami on the north to Key West on the southwest (Figures 2.1 and 2.4). Totalling 
approximately 250 km (135 ami) in length, they form a gentle arc, with the convex side 
bounded by the Atlantic Ocean and the concave side by Florida Bay and the Gulf of 
Mexico (Hoffmeister and Multer 1968). Seaward of the Keys lies the Florida Reef 
Tract, a series of living coral reefs extending for roughly 96 km (52 nmi) along the 
present shelf edge at the margin of the Straits of Florida (Marszaick et al. 1977). The 
origin, development, and modern configuration of the Florida Keys and Reef Tract are 
fairly well documented, having been the subject of numerous investigations (e.g., 
Hoffmeister and Multer 1968; Ginsburg 1972; Hoffmeister 1974; Enos and Perkins 1977; 
Multer 1977; Shinn et al. 1977, 1981, 1989; Shinn 1988). 


Geologic Development 


Miami and Key Wesi occupy opposite ends of an ancient Reef Tract that flourished 
during the Late Pleistocene sea level high-stand of approximately 125,000 years ago 
(Shinn 1988). Most of the Florida Keys is relatively low-lying, projecting <1 to 2 m 
above sea level, but reaching an elevation of over 5 m on Windley Key in the Upper 
Keys (Hoffmeister 1974). The surfaces of most of the Keys cre flat, with the exception 
of the Upper Keys, which generally are a meter or two higher along their central axes 
and slope gently toward the ocean and Florida Bay sides (Hoffmeister 1974). 
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Figure 2.4. Location, general configuration, and major sedimentological provinces of the Florida Keys/Reef Tract, Florida 
Bay, and portions of the Southwest Florida continental margin (From: Enos and Perkins 1977). 
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The Keys can be divided naturally into two groups: the Upper Keys and the Lower 
Keys (Figure 2.1). The most obvious and easily recognized distinction is that the Upper 
Keys are oriented with their long axes along the line of the arc, in a southwesterly 
direction. The Lower Keys, on the other hand, are oriented with their long axes at 
almost right angles to the arc, and are separated from each other by narrow channels 
that run in a northwest-southeast direction (Hoffmeister and Multer 1968; Hoffmeister 
1974). 


The modern configuration of the Florida Keys, as well as their natural division into 
two groups, can be traced back to their Late Pleistocene development. Although the 
entire length of the Keys is underlain by limestone, the foundation for the Upper Keys 
is an ancient coral reef rock known as the Key Largo Limestone, whereas the founda- 
tion for the Lower Keys (and Southeast Florida mainland) consists of the oolite facies 
of the Miami Limestone (Hoffmeister and Multer 1968). The two limestones were 
formed by distinctly different processes. 


The Key Largo Limestone extends on the surface approximately 180 km (100 nmi) 
from Soldier Key (just south of Key Biscayne) on the north through the westernmost of 
the Newfound Harbor Keys (just south of Big Pine Key), where it terminates at 
Newfound Harbor Channel (Hoffmeister and Multer 1968). At depth, however, the Kev 
Largo Limestone extends northward to at least Miami, and westward to at least the Dry 
Tortugas (Hoffmeister and Multer 1968). Its thickness has been found to be quite 
variable, with core borings penctrating sections between 23 and 52 m thick. 


The Key Largo Limestone is a typical organic reef composed of in situ, 
wave-resistant components, the most common of which are hermatypic corals. These 
form the framework of the structure and are responsible for, trapping sand-sized 
carbonate particles in which they are now embedded. Reef framework corals are 
dominated by the star coral Montastraea ennularis and several species of brain coral 
(e.g., Diploria spp. and Porites astreoides) (Hoffmeister and Multer 1968; Hoffmeister 
1974). 


Most of the common corals on the present Reef Tract also occur in the ancient Key 
Largo Limestone. However, the corals found in the Key Largo Limestone are more 
similar to those of modern patch reefs than to those of the outer Reef Tract 
(Hoffmeister 1974). A significant difference between corals of the ancient Key Largo 
and corals of the modern outer Reef Tract is that the elkhorn coral Acropora palmata, 
common in today’s outer reef, has never been identified in the Key Largo Limestone 
(Hoffmeister 1974). This important observation is relevant to the interpretation of how 
the Key Largo Limestone evolved. 


The Miami Limestone consists of two distinct facies, the oolite facies and the 
bryozoan facies. The oolite facies (also called the Miami Oolite), which is of concern 
here, overlies the Key Largo Limestone along the Southeast Florida coast and in the 
southern Keys. The bryozoan facies interfingers with the Key Largo Limestone and is 
found to the west of the oolite facies. The oolite facies covers the entire Lower Keys, 
south of Big Pine Key. It increases in thickness to the north, where it reaches a 
maximum of about 10 m on the northern part of Stock Island, which adjoins Key West 
(Hoffmeister and Multer 1968). Along the southeastern coastal ridge in the Miami 
area, the oolite facies reaches a thickness of approximately 12 m (Robinson 1967), and 
exhibits various degrees and directions of cross-bedding (Hoffmeister 1974). 


The Key Largo Limestone originated as a living coral reef that flourished during the 
sea level high-stand of approximately 125,000 years ago (Perkins 1977). Its total length 
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of at least 365 km (200 nmi) and its great thickness indicate that it was a major recf 
system that flourished for at least many hundreds of years (Hoffmeister 1974). 


The question of which type of reef (“barrier reef or “patch reef") formed the Key 
Largo Limestone has been the subject of much speculation and debate because of 
difficulties in identifying a precise modern analog. Both patch (platform-interior) rect 
and barrier (platform-edge) reef types contain a large number of coral species in 
common, but many of the modern platform-edge reefs are characterized by much more 
distinct coral zonation and the presence of massive, oriented colonies of Acropora 
palmata extending from the reef crest to a depth of about 4 m (Marszalek et al. 1977; 
Harrison and Coniglio 1985). In the Key Largo Limestone, the conspicuous absence of 
A. palmata, as well as the preponderance of Montastraea annularis and the apparent lack 
of coral species zonation, have consistently led to interpretation of a patch reef origin 
(Harrison and Coniglio 1985). Hoffmeister and Multer (1968) proposed that the Key 
Largo Limestone formed in shallow water as a linear series of coalescing patch reefs 
that grew behind a protective, but subsequently eroded, shelf-edge barrier reef, which 
later formed the foundation for the modern shelf-edge reef system. Perkins (1977) also 
favored a shallow-water, patch reef origin, but in a slightly different context. He 
suggested that the Key Largo reef initiated at a topographic break in slope near the 
outer shelf margin and migrated laterally shelfward to its present position in response to 
rising sea level. A shelf-edge reef, therefore, need not have been present. 


Proponents hypothesizing that the Key Largo Limestone originated as shelf-edge 
reefs cite sediment type, deposit geometry, and spatial relationships as evidence 
(Harrison and Coniglio 1985). Additionally, they maintain that a seaward barrier would 
have been too deep for reef growth, and that there is no evidence for marine erosion of 
a shelf-edge reef system (Harrison and Coniglio 1985). Finally, they attribute the lack 
of Acropora palmata to environmental stress (from cold, nutrient-rich, sediment-laden 
water spilling off the carbonate platform interior to the northwest) (Harrison and 
Coniglio 1985). 


The Key Largo Limestone and Miami Oolite are believed to have been deposited 
contemporaneously, as there is no unconformity separating the two units. It is thought 
that the barrier provided by the growing reefs of the Key Largo Formation increased 
tidal currents between the Atlantic and Gulf, thereby allowing precipitation and shaping 
of cross-bedded, oolitic, tidal sand bars (Shinn et al. 1989). As these bars grew by the 
continued accumulation of ooids, they began to prograde seaward until they eventually 
buried the northern and southern sections of the reef system (Hoffmeister 1974). West 
of Key West, the oolite facies submerges and continues westward, forming the bedrock 
underlying the Holocene Marquesas Keys and the region known as the Quicksands 
(Shinn et al. 1989). No information exists describing the relationship between the 
Quicksands and Dry Tortugas to the west. At the Dry Tortugas, however, modern 
sediments rest on coralline Pleistocene limestones believed to be the Key Largo 
Formation (Shinn et al. 1989). Strong reversing tidal currents continued to shape the 
oolite sand bars, forming the northwest-southwest oriented shoals cut by narrow tidal 
channels that characterize the modern configuration of the Lower Keys (Shinn et al. 
1989). 


Approximately 100,000 years ago, a major glacial episode initiated a sea level fall. 
Reefs began to die, and in time became dry land. At its extreme, sea level fell ap- 
proximately 130 m below its present level. As sea level fell, soils formed, and calcium 
carbonate leached by rain percolated into the sediment, precipitating a brown, laminated 
crust, called calcrete. This calcrete crust is used to distinguish between today’s reefs and 
those of the past. Approximately 18,000 years ago, sea level began to rise again as a 
result of melting glaciers. It was not until about 6,500 years ago that sea level was high 
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enough to initiate new reef growth in the Keys (Shinn 1988). Many present-day corals 
rest directly on the old calcrete crust (Shinn 1988). Therefore, the ancient reefs and 
sand shoals that formed 125,000 years ago laid the foundation for today’s reef distribu- 
tion. 


Upper Keys, and to a lesser extent, the Lower Keys (Shinn 1988). As sea level began 
flooding the continental shelf, between 6,000 and 10,000 years ago, 
the edge and began flooding low areas behind the reefs and 

1988). At times, unusually cold storms would come in from the north, sweeping a 
lethal combination of cold, nutrient-rich, sediment-laden water through large tidal passes 
in the Middle Keys and onto the reefs (Marszalek et al. 1977; Shinn 1988). Reefs that 
previously flourished opposite these major tidal passes began to diminish. Only off 
large islands, such as Key Largo, did elkhorn coral reefs continue to thrive. The barricr 
provided by Key Largo, and the less complete barrier formed by the Lower Keys, 
prevented or retarded deleterious waters of Florida Bay and the 

invading the reefs (Shinn 1988). 


Modern Configuration 


The modern configuration of the submerged South Florida continental shelf, 
seaward of the Keys, is depositional in nature. Enos (1977) subdivided the shallow shelf 
into the inner shelf, inner shelf margin, outer shelf margin, and shallow slope. The 
inner shelf consists of Florida Bay and its westward transition to the Gulf of Mexico, 
and will be discussed in a subsequent section. 


The inner shelf margin, known as Hawk Channel (Figure 2.4), typically slopes 
gradually (0.06°) seaward from the rocky shoreline of the Keys to a depth of about 
5 m, where it deepens into a depression about 8 to 15 m deep and up to 2.5 km 
(1.4 nmi) wide. Patch reefs, tidal deltas, and small sediment banks are its prominent 
features. 


Sediments of the inner shelf margin consist of 10 to 50% fine-grained (<63 um) 
material rich in Halimeda (grcen alga) and mollusc fragments (Enos 1977). In general, 
percentages of molluscs and foraminifera decrease seaward, and percentages of coral 
fragments increase. The dominant mineral is aragonite, reflecting the relative abundance 
of Halimeda (Enos 1977). 


The largest sediment accumulations on the inner shelf margin are prisms that wedge 
Out against the sloping Pleistocene rock near the Keys. Sediments are interpreted to 
have been produced in situ by calcium carbonate production (Enos 1977). Deposition 
occurred in an environment at least as restricted as the inner shelf margin at present 
(Enos 1977). Restricted circulation on the wide, shallow shelf margin results from reefs 
and sand shoals near the shelf edge that form a partial barrier to Open sea processes. 
Wedges are found seaward of Pleistocene topographic highs (where they are continuous) 
and extend to near or above sea level, but they are not found at all of these locations 
(Enos 1977). 


Patch reef banks on the inner shelf margin are probably dependent upon local 
skeletal production (Enos 1977). Banks may have originally formed by mechanical 
concentration of fine-grained material, followed by in-place production of patch reefs. 
Many of the patch reef banks are controlled by antecedent topography (presumably, a 
bank whose original location and development was influenced by rock-floor features) 
(Enos 1977). Several patch reefs on the inner shelf are formed directly on Pleistocene 
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rock, without an associated sediment bank. Virtually no loose sediment surrounds these 
coral heads, which rise up to 5 m from the bottom. One distinct possibility is that 
these reefs may be so young and vigorous that little or no loose sediment has been 
produced (Enos 1977). Presumably, the ecological factors controlling patch reef 
development on the inner shelf margin are similar to those for the outer (shelf-cdgc) 

i energy is required. These lower energy levels require 
smaller or less stable hard substrates for initial coral attachment (Enos 1977). 


Tides, focused into strong currents by constriction between the rocky Florida Keys, 
have built large banks oi sediment (tidal deltas) on the inner shelf margins. Trans- 
ported, fine-grained, carbonate-rich sediment, available from the inner shelf (Florida 

tely deposits, is probably the major component 

of the tidal deltas. Tidal deltas are focused primarily by the ebb flow of tides through 

i passes the Keys. Hence, no tidal deltas have developed 
seaward of the wide tidal passes of the Middle Keys. In addition to current strength, 
the balance between sediment supply and wave energy is important for determining the 
size and form of tidal deltas (Enos 1977). Tidal deltas on the inner shelf margin, 
however, can Only develop where large, oceanic waves are dampened by shoals at the 
shelf margin. Tidal deltas are the only major sediment accumulations on the inner shelf 
margin that are perpendicular to the shelf edge (Enos 1977). 


Aside from tidal delta and patch reef banks, the only banks on the inner shelf 
margin are the comparatively small, isolated, skeletal grainstone shoals and muddy 
shoals (Enos 1977). The origin of these banks is interpreted to be controlled initially 
by a slight break in slope. Once a shoal fringe community (commonly dominated by 
Porites and Goniolithon) is established, it becomes a great sediment contributor. A bank 
may eventually develop from differential carbonate production by the shoal-fringe 
community and by other carbonate-producing communities growing behind the protective 
fringe. This may be the origin of many patch reef banks that developed from muddy 
banks, and it would explain why many patch reefs are located on slight breaks in slope 
of the underlying Pleistocene rock surface (Enos 1977). 


The outer shelf margin averages about 3 km (approximately 1.5 nmi) in width. It is 
sharply delineated from the inner shelf margin in many places by the inner edge of 
skeletal sand shoals, known as White Bank, or by patch reef banks (Enos 1977). Banks 
are in water as shallow as 1 to 3m. A rippled sand bottom slopes seaward from the 
banks to a depth of 9 to 12 m near the shelf edge. In areas of active reef growth at the 
shelf edge, the reef and surrounding sediment bank may extend upwards, nearly to sea 
level. Where there is little or no active reef growth, a rocky shoal is generally produced 
by dead reefs that flourished during early flooding of the Holocene sea level trans- 
gression. Piles of relatively coarse reef rubble have been built up to sea level behind 
several of the living outer reefs and shallowest dead reefs. From the shallow shelf 
break, the seafloor slopes seaward at a gradient as high as 10°. At depths of 25 to 
30 m, the bottom begins to slope more gently toward the deeper slope break at the 
edge of the continental shelf (Enos 1977). 


The major feature of the outer shelf margin is the Reef Tract, an arcuate belt 5 to 
10 km (2.7 to 5.4 nmi) wide with relatively open circulation. Outer reefs are buttresses 
of living and dead reefs at the shelf break and the much larger banks of unbound 
reef-related sediments immediately adjacent to buttresses (Enos 1977). Locations of 
outer reefs appear to be controlled by the Pleistocene shelf break, although some reef 
buttresses are as much as 1 km (0.5 nmi) behind it. The shelf break serves to focus 
wave energy and water circulation, which aids in the continued development of reefs. 
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A major characteristic of reef flanks is the alternation of spurs (finger-like projec- 
tions) and grooves (channels) (Shinn et al. 1989). Spurs and grooves are almost always 
oriented into the sea, normal to the reef front. They occur on reefs of the outer Reef 
Tract but are poorly developed or absent on patch reefs. Their spacing is believed to 
be controlled by wave energy, where waves are large, formations are better developed 
and spaced more narrowly (Shinn et al. 1989). Spurs may be the result of erosion or 
construction. Core drilling at Looe Key Reef, offshore Big Pine Key in the Lower Keys, 
penetrated a spur-and-groove system lying over carbonate-reef sand (Shinn et al. 1981). 
Only the thin seaward end of the spurs appeared to be rooted in underlying bedrock. 
Based upon these data and other observations, Shinn et al. (1981) suggested that most 
Shallow spurs and grooves in active coral reefs of the Keys are constructional in origin 
and not necessarily initiated or controlled by bedrock topography. They further 
Suggested, however, that spurs and grooves in deeper (>15 m), fore-reef areas off the 
Keys may be erosional in origin. Whether spurs and grooves are constructional or 
erosional, they act as breakwaters that appear to dampen the energy of incoming waves. 
Although their origin and spacing are still not completely understood, they perpetuate 
because storm seas tend to periodically dislodge corals that become attached in grooves 
where carbonate sand may accumulate (Shinn et al. 1989). 


Sediments along the outer Reef Tract have long been thought to consist mainly of 
the alga Halimeda. Recent work, however, has shown that sand-sized sediments in the 
Lower Keys adjacent to Looe Key Reef are composed mainly of coral, with subordinatc 
amounts of mollusc and Halimeda fragments (Lidz et al. 1985). There seems to be a 
trend of decreasing Halimeda sand content from north to southwest along the Reef 
Tract, and then an increase of Halimeda farther to the west (Shinn et al. 1989). Lidz et 
al. (1985) concluded that Halimeda particles are concentrated in areas where reefs are 
healthy, whereas coralline particles are concentrated where reefs are in a state of 
decline. Dead corals are more readily attacked by boring organisms (¢.g., sponges, 
molluscs, algae, pholid clams, and parrotfish), thus producing particulate coral, whereas 
live coral is less subject to bioerosion. Thus, the health of the reef may, to some 
extent, control the composition, and possibly the grain size, of surrounding sediments. 


Another prominent feature of the outer shelf margin is shelf-margin sand shoals. 
The largest is White Bank, a continuous shoal approximately 40 km (22 nmi) long and 
1 to 2 km (0.5 to 1 nmi) wide, located just inside the Reef Tract in the Upper Keys. 
Whether White Bank formed from a slight rock-floor high, from coalescing patch reefs, 
or from hydraulic factors, is still not known. Enos (1977) suggested that the shoals 
consist primarily of material derived from outer reefs that is concentrated by hydraulic 

Rock-floor relief and patch reef locations are considered secondary factors. 
Sediments consist of loose, often fairly well-sorted, clean, rippled, Halimeda-rich sand 
(Multer 1977). Enos (1977) maintained that sediments are derived primarily from the 
outer reefs because (1) White Bank is located immediately adjacent to maximum outcr 
reef production; (2) in situ sediment production is very low, (3) skeletal sand transport 
is mainly landward; and (4) some sediment parameters show gradational trends from the 
reefs landward across the outer shelf margin. White Bank tends to be wider and thicker 
where the Reef Tract is best developed, such as off Key Largo (Enos 1977). The low 
standing crop of organisms on White Bank indicates that skeletal production is negli- 
gible. White Bank is asymmetric in cross section, with a steeper landward side, 
suggesting landward migration and a seaward (Reef Tract) origin of sediments. The 
relative abundance of coral and red algae grains, the best reef indicators, decreases 
steadily in a landward direction from the outer reefs. White Bank is probably not 
longer than 40 km (22 nmi) because sand supply in areas of less reef productivity is 
inadequate to build a large shoal. Consequently, sand shoals inside of the poorly 
developed shelf-edge reefs of the Middle Keys are either non-existent or under- 
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Patch reef banks are also important features on the outer shelf margins. Patch reef 
banks are prominent as a northward continuation of the trend of large, White Bank 
sand shoals (Enos 1977). Patch reef banks are similar in origin and configuration to 
those described previously for the inner shelf margin. 


Scant information is available for the outer Reef Tract to the shelf break at 
approximately 100- to 200-m water depths. Multer (1977) points out that little rubble is 
found seaward of the Reef Tract--an observation that contrasts with the idea that rubbic 
is generally found in front of outer reefs. The small amount of rubble may be duc to 
(1) the lack of material transported seaward by ebb tides; (2) the lack of material 
slumped from the platform edge; and (3) the lack of subaerially-croded maicrial 
available from the previous emergence (Multer 1977). 


Sediment accumulation patterns on the Southeast Florida continental margin 
seaward of the Kevs are controlled principally by skeletal productivity, mechanical 
redistribution, pre-existing (antecedent) topography, and the continuously evolving 
depositional topography (Enos 1977). The most important and direct conirol seems to 
be the organic production of carbonate sediments. This is not surprising, because 
virtually all of the sediment being contributed today is of skeletal origin. As mentioned 
previously, variations in organic productivity correlate with the large-scale lateral 
variations in sediment accumulation along the shelf margin. The coral reef environment 
is the major producer of carbonate sediment, and therefore, in effect, is a dominant 
regulator of sediment distribution patterns on the shelf. 


Mechanical redistribution of sediment is a second important control of sediment 
distribvtion patterns. In many cases, mechanical redistribution (scdiment transport) is 
secondary Only to organic productivity. Organic productivity controls the location of 
deposits, but transport processes regulate the geometry and depositional structure (Enos 
1977). In situ skeletal production is appreciable on the shelf, but probably subordinate 
to mechanically redistributed deposits (Enos 1977). Large, high-energy waves and storm 
tides are the most effective sediment transporters (Shinn ct al. 1989). 


Antecedent, or pre-cxisting, topography is sometimes a major control over location 
and geometry of sedimentary deposits on the outer shelf margin. Anteccedent topo- 
graphy influences the development of some outer shelf recfs as well as some outer shelf 
margin sand shoals, including possibly White Bank (Enos 1977). In general, the direct 
influence of antecedent topography on sediment distribution is lessened as underlying 
surfaces become covered by Holocene sediments (Enos 1977). 


As Holocene sediments are deposited, the role of contemporary topography in 
controlling sediment distribution becomes greatcr. At present, 75 to 95% of the 
Pleistocene rock surface is covered with Holocene deposits, and direct influence is 
exerted by the evolving scafloor topography. The differential carbonate productivity that 
can arise from very slight relicf accentuates depositional relicf (Enos 1977). It is 
estimated that as more modern sediments are deposited, the influcnce of contemporary 
depositional topography on sediment distribution patterns will become much greatcr and 
that of antecedent topography correspondingly less. 


FLORIDA BAY 


Florida Bay is a shallow, triangular embayment with an arca of about 1,550 km?. It 
is bordered on the north by the Everglades, on the southeast by the Florida Keys, and 
rather arbitrarily on the southwest by the Gulf of Mexico (Figures 2.1 and 2.4). 
Although Florida Bay is open to the southwest, open-water effects from the Gulf of 
Mexico are dampened by anastomosing mudbanks, which cordon the Bay into a scrics of 
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basins (i.¢., lakes) (Scholl 1977; Merriam 1988). Average water depths are approxi- 
matcly 1.5 to 2.0 m, but reach up to about 3.0 m in the deepest parts in the southwest. 
Ginsburg (1956) divided Florida Bay into two subenvironments: the interior and the 
margin. The interior is characterized by low tidal range, weak currents, and large 
seasonal variations in salinity and temperature. The surrounding marginal environment 
is one of more uniform water characteristics and stronger watcr motion because of good 
tidal exchange with the Gulf of Mexico and Atlantic Occan. 


Florida Bay has been studicd extensively during the past three decades, probably 
because it is a classic example of a modern, dynamic, lime-mud factory that is casily 
accessible to geologists. Examples of important contributions can be found in Ginsburg 
(1956), Gorsline (1963), Price (1967), Ginsburg (1972), Enos and Perkins (1977), Multer 
(1977), and Merriam (1988). Merriam (1988) described three distinct segments of 
Florida Bay investigations: (1) carly exploration and description (1850 to 1953); 

(2) general stratigraphy and sedimentology (1953 to 1977); and (3) detailed, in-depth 
studies (1977 to present). Since 1977, studies have concentrated on gencration, 
distribution, accumulation, altcration, and preservation of lime mud on the drowned 
Miami Limestone surface during approximaicly the past 5,000 years. Many of these 
detailed studies have focused on only a small segment of Florida Bay, as Opposed to 
bay-wide investigations characteristic of previous years. 


Geologic Development 


Florida Bay is underlain by the Miami Limestone, which slopes slightly to the 
southwest (Hoffmeister 1974; Merriam 1988). As discussed previously, two facies of the 
Miami Limestone are recognized: the bryozoan facies and oolite facies. Until recently, 
it was thought that the oolite facies underlies the entire Bay. Merriam (1988), however. 
cited evidence (from recent bedrock drilling in the Bay) that at least part of the Bay is 
underlain by the bryozoan facies. Both facies are stratigraphically equivalent to the Key 
Largo Limestone (Enos and Perkins 1977). The oolite facies has been described 
previously (see Florida Keys and Reef Tract section). The bryozoan facies is so named 
because as much as 70% of the rock may be composed of colonies of the bryozoan 
Schizoporella flori After bryozoans, pellets are the most abundant constituent, with 
lesser amounts of miliolids, peneroplids, and ooids. Locally, the unit contains burrows 
and calcareous worm tubes (Merriam 1988). 


Recent geologic development began a tely 100,000 to 125,000 years ago 
when coral reefs, which later formed the basis for the Florida Keys, were flourishing. 
The sea at that time stood approximately 6 yy) ty at present, and the area today 
known as Florida Bay was a lagoon between the living coral reef and the mainland to 
the north. Within this lagoon, deposits of oolitic limestone, which would eventually 
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formed (Hoffmeister 1974). As sea level lowered in response to the ensuing Wisconsin 
glaciation (which existed from about 75,000 to 10,000 years ago), Florida Bay became 
dry land, as did the Keys and Reef Tract. During exposure, the Florida Bay land 
surface was heavily eroded, and the unconsolidated carbonate sediments became 
hardened to form the Miami Limestone. With the Holocene rise in sea level, the karst 
surface of the Miami Limestone was slowly inundated from the southwest. 


Flooding of Florida Bay probably began 4,000 to 5,000 years ago (Scholl 1977; 
Merriam 1988; Quinn and Merriam 1988). During very carly flooding, the Bay resem- 
bled the modern Everglades. |t was low-lying, covered with Everglades vegetation, 
dotted with freshwater lakes, and streaked with rills and sloughs. Marine waters began 
to spread over the Bay through channels between the Keys. The environmental change 
from freshwater to seawater introduced marine animals and plants into the region. 


Penicillus and other green algac, and peat fragments from the disintegration of 
mangroves ( i 1974). As mangrove colonization continued northward during 
rising sea ames ee ee eee ee Other banks formed perpen 
dicular to the originai north-south oriented rill banks, creating an irregular network of 
banks basins (lakes). Tidal currents and storm waves created larger lakes, especially 


and basins 
in the south, by the destruction of some of the separating walls. The original configura- 
ion of banks and basins can still be seen along the northern parts of the Bay, where 
idal current and storm wave activity have been too weak to destroy separating banks. 
basins are smaller and more numerous. 


Modern Configuration 


The modern configuration of Florida Bay has been termed a basin-in-basin honcy- 
comb (Price 1967). In general, the modern Bay consists of numerous rimmed, 
flat-bottomed basins, mostly oval, which are enclosed by marly, peaty rims in <1 m 
water depth. Scholl (1966) identified 17 of these "intra-bay lakes” (basins), which are 
interconnected by randomly located openings. Submerged ridges, which appear to be 
remnants of once more-continuous basin rims, extend into many of the basins. Sub- 
merged ridges are of irregular length, and their summits decline basinward at various 
slopes (Price 1967). Studies on individual basins have shown them to be saucer-shaped 
in Cross section, with thin sediment cover in the center (Sorensen 1985; Merriam et al. 


1987). 


Basins are defined by mudbanks or low, mangrove-fringed islands. Mudbanks are 
typically asymmetrical, with the north and west sides steeper and more shelly (Merriam 
et al. 1987). Storms from the north and west winnow the fine-grained sediments, 
leaving a lag of coarser-grained matcrial on the north and west side of the banks. 
Banks are composed of light-gray, fine-grained micrite intercalated with layers of coarse 
shell hash, which are probably storm layers (Merriam ect al. 1987). Both positions and 
compositions of banks are continuously being modified, primarily by physical processes 
(Kick 1981). Mudbanks probably maintain their relief by higher organic production on 
the shallow bank tops (Sorensen 1985). 


rT 


Islands in Florida Bay are typically oval-shaped in map section and saucer-shaped in 
cross section. Surficially, many islands consist of an exterior fringe of red mangroves, an 
interior fringe of black mangroves, and an open central tidal flat or pond (Merriam ct 
al. 1987; Quinn and Merriam 1988). The principal depositional environments of islands, 
in upward succession, are as follows: (1) freshwater pond; (2) coastal mangrove swamp, 
(3) marine basin (lake); (4) mudbank; and (5) island (Enos and Perkins 1979). The 
generally accepted model for the evolution of Florida Bay islands, based upon this 
depositional sequence, is that most islands developed from underlying mudbanks, 
probably by mangrove colonization (Enos and Perkins 1979). Recent evidence docu- 
ments that at least some islands nucleated from a supratidal precursor consisting of 
eroded remnants of coastal tidal flats or local topographic highs that remained supra- 
tidal throughout the Holocene sca level rise (Quinn and Merriam 1988). 


Because of the recognition of Florida Bay as a modern lime-mud factory, surface 
sediments and sedimentary processes have been studied in detail. Unconsolidated 
sediments in Florida Bay typically consist of >90% calcium carbonate. The remainder 
consists primarily of quartz, the remains of siliceous organisms (radiolarians and sponge 
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spicules), and organic matter with m‘nor amounts of «lay mincrals (Scholl 1977). Grain 
size of the carbonate fraction ranges from large mollusc or coral fragments, measuring 
several centimeters or more in length, to ultra-fine particles <1 jsm in length (Scholl 
1977), commonly resulting in a bimodal size distribution (Kick 1981; Tyson 1981; 
Merriam 1989). Mudbanks consist predominantly of silt-sized carbonate particles (Scholl 
1977), as do basin sediments (Tyson 1981}. Most carbonate sediments are skelctal in 
origin (Ginsburg 1956), derived from calcified parts of plants and animals. The greatest 
contributors are molluscs, foraminifera, and algae. Fragmentation of coarse skeletal 
semen d pw AE eh hg Rig AS pees ony taylors lpn + elly-ws 
bioerosion (Scholl 1977), although Kick (1981) reported that biological crushing (by 
crabs, fish, and octopuses) constitutes over 90% of broken grains in Peterson Key Bank 
sediments. Some sediment-ingesting organisms also increase the grain size of calcareous 
muds by aggregating fine-srained matier ir... “ecal pellets (Ginsburg 1972). Scholl 
(1977) suggested that fecal pelicts may co »'\' te as much as 50% of the sediments. 
Based on regression analysis, Sorensen (15_-_ reported that the dominant grain size 
class may be a function of water chemistry (¢.g., salinity, dissolved carbon dioxide, and 


dissolved oxygen). 


The carbonate fraction of silty muds in Florida Bay surface sediments consists of 
four main minerals: aragonite, high-magnesium calcite, low-magnesium calcite, and 
dolomite (listed in order of abundance). Seventy percent or more of the sediments 
consist of aragonite or high-magnesium calcite, the metastable carbonate mincrals 
(Gorsline 1963; Ginsburg 1972). Aragonite is the dominant mineral in Florida Bay 
surface sediments, averaging 60 to 65%, but reaching up to 100% (Ginsburg 1972). 
Most aragonite occurs as aggregates of light-brown crystals, but a small amount consists 
of acicular needles which are generally <10 yam in length (Scholl 1977). The origin of 
aragonite is somewhat controversial. Muller and Muller (1977), Scholl (1977), Kick 
(1981) and Tyson (1981) all report that aragonite in specific portions of Florida Bay is 
derived primarily from molluscs. Bathurst (1975) further maintains that the volumetric 
importance of molluscan material in Florida Bay sediments far outweighs the algal 
contribution. Conversely, Stockman et al. (1967) suggest that green algae Penicillus spp. 
are major contributors in fine aragonitic muds, and the principal source of aragonite 
necdies. In addition, they suggest that the present lime-mud production rate by 
Penicillus (0.3 cm/1,000 years) could account for one-third of the mud present in 
northeastern Florida Bay today. More recently, Sorensen (1985) concluded that algac 
are more important contributors than molluscs in selected Florida Bay basin sediments. 
Strontium content in aragonite muds is variable, with high concentrations (averaging 
8,000 to 9,000 ppm) in bank and island muds, and lower concentrations (averaging 3,000 
to 5,000 ppm) in basin floor muds (Gorsline 1963). This variance suggests different 
sources for bank/isiand vs. basin muds. 


High-magnesium calcite (>4 mole percent MgCO,) constitutes approximately 20 to 
30% of sediments in Florida Bay (Ginsburg 1972; Scholl 1977). High-magnesium calcite 
is derived principally from benthic foraminifera, especially the forams Peneroplis proteus 
and Archais angulatus (Scholl 1977). Various other marine plants and animals supply 
secondary amounts of high-magnesium calcite to the sediments of the Bay. Analysis of 
pore fluids at specific locations indicates that the metastable, high-magnesium calcite 
fraction of sediments is converting to the more stable, low-magnesium calcite form 
(Merriam 1988). 


Low-magnesium calcite (<4 mole percent MgCO,; essentially common calcite) is the 
stable form of calcium carbonate and constitutes only about 15% of Florida Bay 
sediments (Ginsburg 1972; Scholl 1977). The bulk of low-magnesium calcite is believed 
to be principally derived from molluscs; however, some must be added by the conversion 
from metastable forms. 
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Geologic Setting 


Dolomite accounts for a maximum of about 5% of most Florida Bay sediments 
(Scholl 1977). Protodolomite possibly forms in some basin environments (Merriam 
1988), and has been reported as recently formed on Sugarloaf Key, in the Lower Keys 
(Shinn 1972). Radiocarbon dates, however, show that some dolomite rhombs are much 
older than surrounding Bay sediments and that they were most likely transported from 
local, older limestones and dolomitized zones of Tertiary age (Gorsline 1963). 


Organic content in Florida Bay sediments is typically high, in part because of the 
high productivity. Other factors affecting organic content are reduced circulation and a 
general low permeability of fine-grained sediments, which result in rapid development of 
strong reducing conditions a few centimeters below the sediment-water interface 
(Gorsline 1963). The average organic carbon content is approximately 3% by weight 
(Ginsburg 1972), but the percentage inay be much higher in peaty layers, which are 
common in island environments. 


Clay minerals constitute a very small proportion of Florida Bay sediments (Gorsline 
1963). Chiorite and smectite dominate the clay size fraction of Recent sediments, 
followed by lesser quantities of illite and kaolinite (Manker and Griffin 1977). Chiorite 
is derived from the Atlantic coast and eastern Everglades, and is introduced by sircams 
and by tidal channels through the northern Keys (Manker and Griffin 1977). 


The major influence on modern sediment distribution patterns appears to be 
wind-driven currents, especially those generated by periodic storms. Merriam ct al. 
(1987) identified layers of relatively coarse-grained material, which they in’ as 
“storm layers,” intercalated within otherwise soft, finer-grained sediments on ida Bay 
mudbanks. Tyson (1981) suggested that easterly, wind-driven waves and currents 
transport fine-grained sediments to the fringes of basins, and also create an environment 
along the castern perimeter of basins where more fine-grained material accumulates. He 
further suggested that this lee environment provides suitable substrate for infaunal 
bivalve communities. As bivalves dic, they contribute wo the coarse-grained fraction of 
the sediment, resulting in the bimodal size distribution. Tides may be the dominant 
physical process influencing sediment distribution patterns in some arcas, especially 
those sheltered from wind-driven effects (Roberts et al. 1977). The ultimate effects of 
tides on sedimentary characteristics and depositional environments are a function of 
parameters including strengih and frequency, as well as the individual physical configura- 
tion of cach depositional basin. Merriam et al. (1985) suggested that water chemistry. 


Recent evidence suggests that sediments are periodically being exported out of 
Florida Bay. Large, ebb-tidal deltas seaward of restricted passes separating the Keys are 
believed to have been constructed of fine-grained, calcium carbonate-rich sedimer's 
transported from Florida Bay (Enos 1977). The poor development of coral reefs off the 
Middle Keys has also been attributed, in part, to the export of fine-grained Florida P ay 
sediments. Sediments are transported through the wide passes and onto the Reef Tract, 
where they inhibit coral development (Marszaick et al. 1977; Shinn 1988). Roberts et 
al. (1982) presented satellite data documenting the export of cold, dense water out of 
Florida Bay during winter storms. Sediment accumulations on the upper Southwest 
Florida are interpreted to have developed, in part, by transport of these sediments 
from Florida Bay, by tidal and storm-generated currents (Brooks and Holmes 1989). In 
addition, Stockman et al. (1967) have shown that the production of biogenic lime mud 
accumulation in Florida Bay. The surplus, therefore, must be 


Geologic Setting 


In conclusion, a substantial amount of sedimentological data currently exists on 
Florida Bay. It is now becoming possible to simulate processes operational in the bay 
and to more accurately predict ultimate effects of these processes. In a simulation 
utilizing basin configuration, sea level fluctuations, and sediment generation ratcs, 
Merriam (1988) showed that Florida Bay is presently infilling from the west and the 
north, and that sea level is the dominant factor in shaping the end result. 


SOUTHWEST FLORIDA CONTINENTAL MARGIN 


The Southwest Florida continental margin includes the southern portion of the 
West Florida continental shelf, and the slope bordering the southern Straits of Florida 
(Figure 2.1). It is bordered by Florida Bay, the westward extension of the Florida Keys 
and Reef Tract, and the Southwest Florida coast north of Cape Sable. The Southwest 
Florida margin contains a variety of environments, from the more restricted zoncs 
adjacent to Florida Bay and along the Southwest Florida coastline to the more open 
marine conditions of the Southwest Florida shelf and slope. 


Although the Southwest Florida margin is much larger than the Florida Keys/Reef 
Tract and Florida Bay, the area has been little studied. Investigations on the open 
portion of the margin have only recently been documented, concentrating on the outer 
shelf (Holmes 1981; Martin 1984; Holmes 1985) and the upper slope bordering the 
southern Straits of Florida (Brooks 1986a; Brooks and Holmes 1989). Studies on the 
inner shelf, coastal zones, and more protected parts of the shelf bordering Florida Bay 
have concentrated on specific arcas or environments such as Cape Sable (Gebelein 1977; 
Roberts et al. 1977) and the Cape Romano/Ten Thousand Islands area (Holmes and 
Evans 1963; Tanner et al. 1963; Parkinson 1987; Davis and Klay 1989). In addition, 
considerable attention has been focused on the shelf-edge carbonate banks, specifically 
the Marquesas Keys and Dry Tortugas (O'Neill 1976; Shinn ct al. 1977; Halley 1979; 
Hudson 1985; Shinn ct al. 1989), both of which have been discussed bricfly in the 
Florida Keys/Reef Tract section. 


Geologic Development 


Although it is not possible to construct a detailed history of the Southwest Florida 
shelf, its development seems to have been strongly controlled by recent sea level 
fluctuations. The foundation for the modern configuration is a karst surface that 
possibly developed in Miocene strata (Holmes 1981). Karst development may have been 
the result of a Late Miocene sea level fall that exposed part of the shelf, thereby 
producing conditions favorable for significant groundwatcr head, eventually resu'ting in 
large and numerous solution features (Holmes 1981; Doyle et al. 1985). Subsequent 
high-frequency sea level fluctuations in the Pliocene and Picistocene produced a 
sediment wedge that underlics the outer shelf and upper slope. The age of the material 
is not accurately known, and its historical (depositional) record, as well as detailed 
characteristics, have been repeatedly disturbed by subsequent sca level fluctuations. 
Only deposits of the most recent transgression remain relatively undisturbed. During 
carly flooding of one of the mid-Pieistocene transgressions, a double reef system formed 
on the outer shelf (Holmes 1981). Based on scismic interpretation, it appears that the 
Outer (lower) reef formed first (Holmes 1985). It is unclear whether the inner (upper) 
reef formed later during the same transgression, or during a minor sca level regression 
(Holmes 1981). During this time period, the shelf started to prograde southward, 
overlapping the Miocene shelf break to the south (Holmes 1981; Brooks and Holmes 


During initial flooding of the Holocene transgression, approximately 10,000 years 
ago, a central-shelf reef complex (Pulley Ridge) began to develop (Holmes 1981). 


Geologic Setting 


Development appears to have been vigorous, as the reef buries both the Miocene shelf 
break and the shelf-edge double reef system described above (Holmes 1981). The 
formation of this reef complex during a sea level still-stand was the major process 
responsible for carbonate deposition on the inner portion of the Southwest Florida shelf 
(Holmes 1981). 


The shelf-edge carbonate banks were the last to form. Banks, including the 
Marquesas Keys, Dry Tortugas, and possibly submerged banks to the west, are believed 
to be Holocene in age, but founded on Pleistocene topographic highs (Shinn et al. 
1977). Banks have encroached over previous reefs and slope deposits bordering the 
southern Straits; they are currently active and are believed to be building to the west 
(Holmes 1981). 


The Southwest Florida upper slope has been the site of extensive deposition 
throughout at least the Late Quaternary and Holocene (Brooks 1986b). Based on 
seismic data and sediment cores, the pzimary control over recent development of the 
slope is attributed to high-frequency sea level fluctuations (Brooks 1985). Nine 
depositional sequences have been identified, each bounded by an erosional unconformity 
(Brooks 1985). During that portion of the sea level cycle when the shelf surface was 
flooded, carbonate sediments were produced on the shallow shelf surface, swept 
southward off the platform, and deposited rapidly on the upper slope (Brooks and 
Holmes 1989). During sea level low-stands, the shelf surface was exposed, and no 
off-shelf transport took place. Instead, erosion of the previously deposited sequence 
occurred due to an increase in the erosive capacity of the Florida Current during 
glacially-induced sea level low-stands (Brooks and Holmes 1989). Off-shelf transport 
during sea level high-stands was augmented by the absence of a shelf-edge reef system, 
which enabled the continued seaward progradation of the upper slope (Brooks and 
Holmes 1989). 


The nearshore portion of the Southwest Florida margin is underlain by the Pliocene 
Tamiami Formation and the Pleistocene Miami Limestone. The northern part, near 
Cape Romano, is underlain by the Tamiami Formation; the southern part, toward Cape 
Sabie, is underlain by the Miami Limestone (Enos and Perkins 1977). Overlying these 
carbonate units is an accumulation of principally Quaternary terrigenous clastics (Davis 
and Klay 1989). The sequence thins rapidly toward the south and offshore. It is 
thickest near the tip of Cape Romano and the Ten Thousand Islands region (Davis and 


Klay 1989). 


During the midst of the Holocene sea level transgression, approximately 7,000 years 
ago, low-energy, Open-marine conditions existed in the area. Sediments accumulated 
largely as a result of reworking of older sediments. As sea level rise slowed (about 
3,500 years ago), the development of the barrier island system north of Cape Romano 
began contributing quartz sands to the system (Davis and Klay 1989). Sands were 
sorted and molded into linear ridges by tidal currents, longshore drift, and wave activity, 
which created a system of shoals south of Cape Romano (Holmes and Evans 1963; 
Tanner et al. 1963; Davis and Klay 1989). In the Cape Sable region, Pleistocene 
terrigenous clastics were being eroded by transgressing seas. The absence of a supply 
has kept the region relatively sediment-free throughout the Holocene (Davis and Klay 
1989). Parkinson (1987) identified a lower and upper sequence of Holocene sediments 
in the Ten Thousand Islands, which he attributed to changing rates of sea level rise. 
The lower unit is a transgressive unit and reflects a relatively rapid rise of approximately 
26 cm/100 years. The upper sequence is biogenically shoaling upwards, and is inter- 
preted to represent a decrease in sea level rise (to <10 cm/100 years) at approximately 
3,500 years ago. 
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Modern Configuration 


The modern Southwest Florida continental margin (Figure 2.1) is part of the only 
wholly carbonate margin in the U.S. It exhibits a relatively smooth surface that slopes 
very gently seaward. The shelf-slope transition is gradual, with no shelf-edge reef rim or 
precipitous escarpment that is characteristic of many carbonate platforms. 


Holmes (1981, 1985) recognized eight morphologic units on the Southwest Florida 
margin. Four of the eight are within the study area, including the inner shelf, outer 
shelf, upper slope, and southern (outer shelf) banks. Figure 2.5 shows the modern 
surface facies of the Southwest Florida margin (Holmes 1985). 


The inner shelf extends from the coast to a water depth of 70 m, some 210 km 
(113 nmi) from the coastline. It dips gently seaward at approximately 0.02°. The 
surface of the seafloor of the innermost portion, from the coast to a depth of 40 m, is 

by circular depressions, some as large as 2 km (1 nmi) in diameter (Holmes 

1985). Depressions are interpreted to represent a karst surface (Holmes 1981). In 
water depths of 40 to 70 m, the seafloor is relatively smooth and featureless. The karst 
surface that prevailed landward is present, but buried by carbonate sediments, presum- 
ably derived from a mid-shelf reef system. The sediment body is wedge-shaped, 
thickening seaward (Holmes 1981). 


Surface sediments of this part of the margin have not been studied in detail. 
High-resolution seismic reflection profiling reveals a thin veneer of modern sediments 
overlying the karst surface (Holmes 1981; Woodward-Clyde Consultants and Continental 
Shelf Associates, Inc. 1983). This sand veneer, consisting of a mix of carbonate and 
quartz, appears to be mobile; sand movement periodically exposes the underlying 
limestone surface and allows colonization by sessile epifauna such as sponges and corals 
(Woodward-Clyde Consultants and Continental Shelf Associates, Inc. 1983) (see 
Chapter 5). Sediments are predominantly sand-sized, but tend to become finer to the 
south, where silt-sized sediments dominate (Woodward-Clyde Consultants and 
Continental Shelf Associates, Inc. 1983). In the southernmost portion, silt-sized 
sediments reach approximately 10 m in thickness at the 40-m bathymetric contour, no 
limestone outcroppings have been identified, and no hard bottom biological communities 
have been noted (Woodward-Clyde Consultants and Continental Shelf Associates, Inc. 
1983, 1985). 


Two distinct sediment types have been identified on the inner shelf (Martin 1984). 
From the coast to a depth of about 15 m, approximately 32 km (17 nmi) seaward, is a 
zone dominated by terrigenous clastic material, predominantly quartz. Seaward of this 
quartz band, sediments consist principally of caicium carbonate. Sediments in the 
nearshore quartz band consist chiefly of mature, fine quartz sand believed to be derived 
from adjacent rivers and beaches, and from ancient coastal plain sediments inundated by 
rising sea level (Martin 1984). Calcium carbonate-rich sediments, seaward of the quartz 
band, have been described as a shell hash composed chiefly of mollusc shell fragmer's, 
along with subordinate amounts of foraminifera and calcareous algae (Martin 1984). A 
diffuse zone of mixing separates the carbonate and quartz end members (Martin 1984). 


The inner shelf is separated from the outer shelf by Pulley Ridge, a 10 km (approx- 
imately 5 nmi) wide feature interpreted by Holmes (1981) to be a biohermal complex, 
and revealed by underwater television to be capped by coralline algal growth currently 
supporting a dense sessile epibiota (Woodward-Clyde Consultants and Continental Shelf 
Associates, Inc. 1983, 1985). The complex forms a series of steps dropping from 70- to 
90-m depths, and divides the 0.02° seaward-dipping inner shelf from the 0.07° more 
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Figure 2.5. Surface facies of the Southwest Florida continental margin (From: Holmes 1985). 
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Steeply-dipping outer shelf (Holmes 1985). Pulley Ridge is partially exposed or covered 
by a thin veneer of carbonate-rich, sand-sized sediments (Woodward-Clyde Consultants 
and Continental Shelf Associates, Inc. 1985). 


The outer shelf extends from approximately 90-m water depths at Pulley Ridge to 
the shelf-slope transition at 100- to 200-m water depths. The surface is comparatively 
smooth, with a gentle seaward dip of approximately 0.1° (Holmes 1981). Locally, the 
smooth surface is broken by wave-cut terraces, 2 to 3 m in height, believed to have 
formed during hiatuses in sea level rise (Holmes 1981). Shallow pockmarks (sea-floor 
depressions) have been identified in water depths of 100 to 150 m (Woodward-Clyde 
Consultants and Continental Shelf Associates, Inc. 1985). These features, wiiich are 
nearly circular, have a central depression approximately 20 to 30 m in diameter and are 
<2 m deep (Holmes 1981). Like pockmarks on the inner shelf, those on the outer 
shelf are probably related to the paleohydrology of South Florida (Holmes 1981). 


Sand waves are present across the entire width of the outer shelf zone. They occur 
in sets of four to five, with wave heights of approximately 5 m and wave lengths ranging 
from 250 to 2,000 m (Holmes 1985). Sand waves are strongly asymmetrical and 
southward facing, indicating a strong southerly flow and transport of sediments 
(Neurauter 1979; Holmes 1981). Sediments in sand waves are wholly biogenic, domi- 
nated by planktonic foraminifera. 


The shelf edge is marked by an inactive double reef complex. The shallowest recf, 
cresting from 130- to 150-m water depths, does not closely parallel the shelf edge, but 
veers landward north of 25° 10°N to form the feature known as Howell Hook (Holmes 
1981). Samples dredged from the surface reveal that the reef consists, at least in part, 
of the type of coralline algae that typically caps reefs during the climax stage of growth 
(Holmes 1985). The reef is partially exposed under a very thin sand veneer and is 
colonized by corals, crinoids, sponges, and other sessile epifauna (Woodward-Clyde 
Consultants and Continental Shelf Associates, Inc. 1985). The lower reef crests at a 
water depth of about 200 m and forms a 40-m-high scarp (Holmes 1981). Both reef 
features abruptly turn eastward at about 25°50'N and are buried by the Late 
Pleistocene, outer shelf banks that rim the southern Straits of Florida (Shinn et al. 


1977). 


The shelf-edge banks and reefs trend east-west along the southern edge of the 
margin. In general, banks become progressively deeper to the west (Holmes 1981). The 
constructional material of each bank is unique. The easternmost bank, the Marquesas 
Keys, is composed of Halimeda sands that rest on a Pleistocene topographic high (Shinn 
et al. 1982). To the west, a dissected platform forms the Dry Tortugas and Tortugas 
Bank complex. Both the Marquesas and Dry Tortugas are currently being constructed 
by various massive and branching hermatypic corals that form fringing reefs around the 
islands (Shinn et al. 1977). Farther to the west are slightly elevated banks consisting of 
a fused pavement of coralline algae, sponges, and growths of plate corals (Holmes 1985). 
No information is available on the ages of the deeper banks; however, dredged material 
appears very similar to that of the Pleistocene foundation of the Dry Tortugas region 
(Holmes 1981). Surface sediments on the Straits of Florida side, and the crests of the 
Dry Tortugas banks consist of a veneer of sand (Davis and O'Neill 1979). The region 
immediately north of the banks is covered by silt-sized material (Holmes 1981). 


The Southwest Florida upper continental slope grades gently into deeper water at 
<1° gradient. The shelf-slope break is a rather arbitrary division along this part of the 
margin, as there is no discernible break in slope (Brooks 1986). A thick accumulation 
of relatively Recent sediments occupies the upper slope between the Florida Canyon 
System to the west and the Pourtales Terrace to the east. Sediments are predominantly 
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sand-sized at the shelf edge and become finer in a scaward direction. They consist 
principally of a combination of shallow-water-derived and deepwater-derived carbonaic 
detritus rich in shallow-water benthic molluscs and forams, and planktonic ptcropods 
and forams. Shallow-waicr sediments are interpreted to be derived from the shallow 
shelf surface to the north (Brooks and Holmes 1989). Shallow-watcr-derived scdiments 
are more like those from the shelf interior behind the shelf-cdge banks rather than the 
adjacent banks themselves (Brooks 1986). High-resolution seismic reflection data show 
that the shelf margin is currently prograding in a scaward direction, presumably by 
continued off-shelf transport of shallow-water matcrial, and deposition of this matcrial 
on the upper slope along a seaward advancing front. The Florida Canyon System, on 
the western boundary of this scdiment front, is actively eroding headward (to the 
northeast), as upper slope sediments collapse into the canyon. Presumably, upper slope 
sediments are eventually transported to the base of the slope, via the canyon, where they 
are deposited as turbidites or other gravity-flow deposits. The Pourtales Terrace, on the 
eastern margin of the sediment front, is a Miocene phosphatic limestone. It is currently 
being buried by eastward prograding scdiments of the upper slope unit. This castward 
trending sediment drift is interpreted to be a response to the strong castward flowing 
Florida Current, which is the dominant physical process operating in the southern 
Straits of Florida. 


The nearshore zone of the Southwest Florida shelf, extending from Cape Sable to 
Cape Romano (Figure 2.1), cxhibits a varicty of configurations and modern scdiment 
characteristics, which are primarily a reflection of different environmental conditions. 
Cape Sable is considered the coastal boundary between Florida Bay and the West 
Florida shelf. Roberts et al. (1977) described Cape Sable as being a regionally distinct 
complex of sedimentary environments, representing a transition between the quartz-rich 
beaches and barricr islands of West Florida and the classical carbonate reef/back reel 
environments of the Keys. Seven sedimentary cnvironments have been described for the 
modern Cape Sable complex (Roberts et al. 1977): 


(1) Beach ridges and beaches charactcrize the ridge-and-swale topography of the 
three distinct cuspate features of Cape Sable (Roberts ct al. 1977). Sediments 
consist almost entirely of sand-sized calcium carbonate, composed primarily of 
moliuscan shell debris (Gebelein 1977; Roberts ct al. 1977). Non-carbonatc 
sedimentary components consist of siliccous sponge spicules with minor amounts 
of quartz and siliccous pollen grains (Roberts et al. 1977). Locally, exposed 
beach sand becomes indurated, producing an extremely hard, shelly limestone 
(Roberts et al. 1977). 


(2) Mangrove swamps occur immediately behind the capes and beaches. Sediments 
consist of extremely fine-grained, dark carbonate muds with a high percentage of 
organic maticr and light-colored, silt-sized shell debris (Roberts ct al. 1977). 


(3) Tidal flats are essentially shallow, intertidal basins bordered by mangroves. 
Sediments arc composed of homogenous carbonate muds with few shell 
fragments (Roberts et al. 1977). 


(4) Lake Ingraham is a shallow, protected, tidally-dominated lake located landward 
of the capes. Sediments consist of modern marine muds overlying freshwaicr 
carbonates. Modern muds are derived principally from Penicillus spp. and other 
aragonite-producing algac (Roberts ct al. 1977). Sediments are structurciess, as 
they are completely burrowed by benthic organisms. 


‘ 
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(5) Supratidai plains with relict shoreline features lie along the inland shores of 
Lake Ingraham. Sediments are elevated above the range of normal tides and 
slope gently landward. Sediments are similar to the low-carbonate mudbanks 
that border the present shoreline of Florida Bay. They are interpreted to have 
formed by overbank sedimentation during storms. Layers of coarse silt- and fine 
sand-sized sediments are interpreted to represent these storm layers. In general, 
sediments are muddy and contain a high proportion of silt-sized aragonite and 
low-magnesium calcite derived from the fragmentation of mollusc shells 
(Roberts et al. 1977). 


(6) Inland ponds and lakes occur landward of the supratidal plains. They are 
Shallow and are dry during periods of little rainfall. Sediments consist of a dark 
brown, Organic-rich carbonate mud. Sediments are marine, being totally 
reworked by benthic organisms (Roberts et al. 1977). 


(7) Pe sh and marshes lic inland from the 
Cape Sable complex. This part of the complex has had limited access to Florida 
Bay since the 1940s when a canal was constructed (Roberts et al. 1977). 
Sediments are highly organic, with a considerable amount of molluscan shell 
debris. In addition, prolific communities of calcareous algae produce thin 
deposits of aragonite-rich mud (Roberts et al. 1977). 


In summary, the Cape Sable complex is composed of a regionally distinct complex of 
sedimentary environments. Each individual environment has its own suite of faunal and 
sedimentary characteristics. Storms and frequency of tidal inundation are primary 
controls on modern sedimentation patterns, as well as the modern configuration as a 
whole (Gebelein 1977; Roberts et al. 1977). 


Between Cape Sable and Cape Romano (Figure 2.1) lies the tiansition zone 
between quartz-dominated sediments and purely carbonate sediments. The gradient is 
very low (approximately 0.02°), as is the physical energy (Davis and Klay 1989). 

Surface sediments show a gradual trend in both composition and texture, from Gullivan 
Bay (just cast of Cape Romano) southward. There is also a distinct difference between 
the coastal sediments within the inner 5 km (2.7 nmi), and those farther seaward. 

Grain size and calcium carbonate content increase to the south and away from the coast 
(Davis and Klay 1989). Cape Romano represents the southern limit of the quartz- 
dominated barrier island system. Immediately south of Cape Romano is a sand ridge 
complex that consists of several east-west trending, parallel sediment bodies. They 
display up to 4 m of relief, reach up to 10 km (about 5 nmi) in length, and are 
approximately 1 km (0.5 nmi) wide. These sand bodies, known as the Cape Romano 
Shoals, are dominated surficially by quartz sand and scattered shell (Tanner et al. 1963; 
Davis and Klay 1989). Ridge surfaces are characterized by well-sorted quartz sand, with 
minor amounts of biogenic gravel. Troughs contain more mud and gravel. Sand bodies 
are covered with bedforms ranging from ripples to sand waves (Davis and Klay 1989). 
Shoals may have formed by the southerly longshore drift system that contributes sand, in 
combination with tidal and wave activity (Holmes and Evans 1963; Tanner et al. 1963). 


Gullivan Bay, located between the Cape Romano Shoals and Ten Thousand Islands, 
contains a large percentage of mud. This may be due to the relatively low physical 
energy and close mity to a potential source in the Ten Thousand Islands (Holmes 
and Evans 1963; and Klay 1989). Tanner et al. (1963) also pointed out that 
quartz sand is spread over the floor of Gullivan Bay as it is swept around the south end 
of the Cape Romano Shoals. 
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by shallow bays or tidal channels. 
3 nmi) in width and about 40 km (22 nmi) in length. Mangrove peat 


Because environments are so diverse on the Southwest Florida continental margin, 
sediment distribution patterns and processes/controis on these patterns are highly 
variable. Throughout most of the margin, biogenic production of carbonate sediments 
may be the most direct regulator because of the predominance of carbonate sediments. 
On the open margin, physical processes are a major influence on sediment distribution 
and overall morphology of the margin. Processes such as storms associated with frontal 
systems, intrusion of the Loop Current (or associated phenomena) onto the sheif, and 
tidal currents are instrumental in transporting sediments southward across the shelf 
surface (Newrauter 1979, Holmes 1981) and eventually onto the upper slope where they 
are deposited along a scaward-advancing sediment front (Brooks and Holmes 1989). In 
more protected portions of the shelf, such as the Cape Sable complex and the Ten 
Thousand Islands area, it seems that cach sedimentary environment responds to a 
particular set of physical conditions. In both areas, however, tidal processes have been 
reported to be a major influence (Roberts et al. 1977; Parkinson 1987). Sediment 
distribution patterns in specific areas such as the Cape Romano Shoals are a direct 
response to a combination of physical processes. The Cape Romano Shoals, as pointed 
Out previously, are controlled by a combination of '~ng-shore drift, tides, and wave 
activity (Holmes and Evans 1963; Tanner et al. 1963; Davis and Klay 1989). The 
delicate combination of these processes is responsible for maintaining this modern 
configuration. 


GEOLOGY IN RELATION TO PETROLEUM EXPLORATION 
Production Potential 


Commercial hydrocarbon accumulations have not been discovered offshore in South 
Florida and the Straits of Florida region, but minor production has been occurring in 
peninsular South Florida. These small fields produce from the carbonate Sunniland 
reservoirs in the South Florida Basin (Figure 1.1), and the oil and gas may have 

ted from carbonate source rocks. According to Attilio and Blake (1983), Amato 
et al. (1986), Faulkner and Applegate (1986), and Montgomery (1987), the South 
Florida Basin has promising petroleum potential. Multiple trapping possibilities exist 
overlying a thick sedimentary section, but to date, the Sunniland Trend is the only 
producing zone discovered. 


In addition to the Sunniland Formation, other horizons showing petroleum potential 
include the Dollar Bay, Lake Trafford, Pumpkin Bay, Bone Island, and Wood River 
Formations, as well as the Brown Dolomite zone of the Lehigh Acres Formation 
(Winston 1969, Faulkner and Applegate 1986; Montgomery 1987). Amato ct al. (1986) 
also cited the Corkscrew Swamp, Rookery Bay, Gordon Pass, Marco Jurction, and 
Rattlesnake Hammock Formations as having petroleum potential. 
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The Lower Cretaceous Dollar Bay Formation is considered the youngest unit with 
significant hydrocarbon potential. Numerous shows of oil have been reported 
ee eee oe ee Ene BO ee. The Dollar Bay 

Formation consists of limestone, with localized “islands of porous dolomite. 
Reservoir quality within the dolomite seems quite good, with porosities of over 20% 
reported from the Florida Keys area. Dolomite “islands” would be the most likely site 
for petroleum accumulation (Montgomery 1987). 


The Sunniland Formation remains the sole producing horizon in South Florida. To 
date, production occurs along a well-defined, but continuous trend, 
250 km (135 nmi) long, 20 km (11 nmi) wide, and lying at depths of 3,500 to 3,600 m 
(Montgomery 1987). The trend lies onshore in Southwest Florida (Figure 1.1). At 
present, the consensus among experts is that numerous fields in the Sunniland Trend 


remain to be discovered (Montgomery 1987). 


The Lower Cretaceous Brown Dolomite (Lehigh Acres Formation) is predicted to 
be the second interval to support major oil discoveries in the region (Applegate 1987, 
Montgomery 1987). It occurs approximately 300 m below the Sunniland Formation in 
the South Florida Basin. The best potential probably lics offshore in the central and 
western portion of the basin (Montgomery 1987). 


The Pumpkin Bay Formation is considered the thickest and deepest interval in the 
South Florida Basin with significant reservoir potential (Montgomery 1987). Oil shows 
have been reported onshore in Southwest Florida, but the best reservoir potential is 
considered to be offshore in the most central portions of the basin. Here, the forma- 
tion is projected to thicken to around 450 m and to reach depths of 4,500 m or more 


(Montgomery 1987). 


The Wood River Formation, in the lowermost portion of the Mesozoic section, has 
one reported good show and minor production of gas (Montgomery 1987). The unit 
consists of limestone and dolomite overlying a basal clastic section of nonmarine or 
marginal sands and shales. Reservoir quality has not been studied (Montgomery 1987). 


In general, the thick carbonate section within the South Florida Basin is considered 
to have good potential for petroleum accumulation. Initial estimates of eventual 
discoveries are now being formulated. For example, most experts agree that new 
discoveries within the existing Sunniland Trend are fairly certain within the next few 
years. Many also concur that the potential in other parts of the basin may be much 
greater than previously believed (Montgomery 1987). Alt present, however, more 
systematic studies are required to more accurately determine reservoir potential. 


Additional information on petroleum potential of the South Florida Basin is 
presented in Chapter 12 in connection with a discussion of oil and gas operations. 


Geohazards and Constraints 


Potential geohazards and constraints to operations in the South Florida study area 
are in the form of carbonate buildups, karst , channelization, seafloor 
instability, sediment movement, and faulting. buildups include both active 
and inactive reef complexes associated with the Reef Tract seaward of the Florida Keys 
and the Marquesas Keys and Dry Tortugas to the west. Locations and morphologies 
have been fairly well documented. A shallow, buried reef complex has been described, 
separating the inner and outer Southwest Florida shelf at water depths of approximately 
70 to 90 m (Holmes 1985). The complex is approximately 10 km (5 nmi) wide as it 
forms a series of seaward-trending steps. It is partially exposed in places, and supports 
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a live bottom community (sce Chapter 5). Another reef complex occupies the shelf 
edge in 130- to 200-m water depths (Holmes 1985). The reef is partially exposed, and 
contains pinnacles extending 1 to 5 m above the seafloor. As with the mid-shelf 


complex, the outer system supports a live bottom assemblage. 


Karst topography is prevalent throughout the study area. Solution features known 
as pockmarks have been reported on both the inner and outer West Florida shelf 
(Holmes 1985). Toward the middle shelf, these features are buried, presumably by 
sediments produced by the mid-shelf reef complex. Pockmarks are shallow depressions, 
ranging from <20 m to 2,000 m across. The Pourtales Terrace, cropping out at 
approximately 200-m water depths downslope from the Marquesas Keys, exhibits a very 
rugged and complex topography that is believed to be the result of carbonate solution 
(Jordan 1954). Karst has been identified in Florida Bay, but generally is considered to 
be relatively small scale (microkarst), occurring in the underlying Pleistocene limestone 
surface. 


Channelization has not been well documented within the study arca, but numerous 
buried channels have been identified to the north off the coasts of Naples, Fi. Myers, 
and Tampa Bay (Foote et al. 1983). Channels probably formed during lower stands of 
sea level as rivers traversed the shelf on their way to the sca. Channels appear to rest 
On a very strong acoustic horizon (Miocene surface) approximatcly 10 m below the 
seafloor. Another type of channelization is occurring in modern Florida Bay. Tidal and 
storm Current activity is constantly modifying mudbank geomciry and orientation and, 
therefore, the channels separating them. 


Seafloor instability applies to continental slope environments where mass transport 
processes occur. The Southwest Florida upper slope adjacent to the southern Straits of 
Florida is an area of rapid sediment accumulation (Brooks and Holmes 1989). 
Pull-apart structures and associated down-slope compressional folds identified as creep 
have been reported at approximately 100-m depths (Brooks 1986a). Additionally, 
turbidites at the base of the slope and crosional gullies on the lower slope are inter- 
preted to have formed by gravity-flow processes (Brooks and Holmes 1989). The head 
of the Florida Canyon System immediately to the west is actively eroding landward 
(Brooks 1986a). Material collapses into the canyon and is probably transported 
down-slope by gravity-flow processes. Few data have been gathered where the slope 
trends to the north, but similar types of processes are expected. The slope bordering 
the Keys is poorly documented. Slopes bordering other reef-rimmed carbonate plat- 
forms, however, undergo a variety of mass-wasting processes. Consequently, the slope 
seaward of the Keys may be expected to be similarly active. Triggering mechanisms for 
slope failure in the study area are probably a combination of sediment overloading and 
water Current activity. 


Sediment movement occurs throughout the study area, albeit in different forms. 
Sand movement has been documented on the outer West Florida shelf. Southerly 
oriented sand waves in ansport in that direction (Neurauter 1979). Sands are 
mobilized and eventu » “orted off the shelf and deposited along the upper slope. 
Sands are probably transpo:' principally in response to storm frontal systems that 
average every 5 to 10 days during winter. Sands and muds are transported castward 
along the upper slope bordering the southern Straits of Florida. Sediments are 
progressively burying the Pourtales Terrace from west to east (Brooks 1986a). Trans- 
port is interpreted to be a response to the strong, castward-flowing Florida Current. 
Sand-sized and mud-sized sediments are mobilized and transported through narrow 
passes between the Keys in response to tidal currents (Enos 1977). The result is a 
series of tidal deltas that reflect not only tidal currents, but also wave energy, scdiment 
supply, and water current conditions. Sands are mobilized along the inside of the Reef 
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Tract, principally by hurricancs and winter storms (Shinn ct al. 1989). The direction of 
transport is a function of storm direction and location. 


Faulting has been identified on the Southwest Florida shelf and siope (Foote ct al. 
1983). It is not known whether faulting is active at present, and cven near-surface faults 
exhibit little or no surface expression. It is also questionable whether features wentificd 
on seismic records are indeed faults and not simply artifacts duc to velocity anomalics. 


Other potential constraints that may not have been documenicd but may be of 
importance include current scour and gascous sediments. Many arcas along the Straits 
of Florida are commonly scoured as the Florida Current progresses from the Gulf into 
the Atlantic (Brooks 1986a). Scour can result in slope instability, regular topography, 
or sediment mobilization. Gascous, and consequcnily internally unstable sediments, may 
be expected in regions of high organic productivity and very restricted circulation, as 
may occur in interior Florida Bay environments. 


CONCLUSIONS 


South Florida exhibits a wide varicty of geologic cavironments. Some, like the 
Florida Kevs/Reef Tract and to a lesser cxicnt Flonda Bay, have been studicd in some 
detail; others such as the Southwest Florida margin, have received relatively little 
attention. Nevertheless, sufficient information was available from which to picce 
together the geologic framework for South Florida, and to provide a basis for sub- 
sequent discussions concerning petrolcum activity in the study arca. 


In general terms, geologic information needs for So. -h Florida are in two distinct 
forms. First is the simple need to fill goographic gaps. Second ts the more complicated 
task of identifying processes controlling geologic development. From a management 
perspective, the identification of processes is probably the most valuable. An under- 
standing of geologic processes will be uscful for more accurately predicting how the 
environment will respond to outside influcnces (c.g, Nuctuating sca level, storm events, 
anthropogenic activitics). 


To date, most of the data collected on South Florida have been descriptive in 
nature, especially for the poorly studicd Southwest Florida margin. Process-rclatcd 
studics on the Florida Keys/Reef Tract and Florida Bay, although more numerous, have 
generally concentrated on a specific geographic arca (¢.g., a single basin in Plorida Bay), 
resulting in a wide varicty of environments described as being controlicd by a distinct 
set of processes. This is especially true of Florida Bay, consisting of numerous scparatc 
basins, many of which have been described as developing in response to 4 combination 
of processes unique to cach specific basin. 


Notwithstanding, based upon the numcrous studics performed in the study arca, it ts 
possible to cite the major processes most responsible for recent goologic development. 
Probably the overall most important process is fluctuating sca level. Glacially-induced 
sea level fluctuations during the Late Quaternary and, more recently, the Holocene sca 
level rise, have provided the framework for the Florida Keys and surrounding recfs, the 
shallow basins of Florida Bay, and even the relatively flat-lying Southwest Plorida 
margin. In the shorter term, modern processes controlling development of the Florida 
Keys/Reef Tract include skeictal productivity that gencratcs carbonate scdiments, and 
physical processes such as high-cnergy waves and storm tides that mechanically re- 
distribute sediments. Florida Bay also consists predominantly of carbonatc scdiments, 
and therefore, CaCO, productivity would have to be considered a major process 


responsible for development. In addition, tidal and storm-gencrated currents arc 
controlling physical processes. Development of the Southwest Florida margin is 
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conmtrolied to some extent by biological production of calcium carbonate, but the 


domunant controls are the physical processes operating on the shelf and upper slope, 
such as oceanic Currents, tidal currents, and storm events. These processes are respon- 


sible for distributing sediments and generally shaping the entire areca. 


Additionally i 
critical shelf-slope transition zone for the purpose of determining how outer shelf and 


cont need to be identified, as well as how they relate to the geologic 
development of the region of transition and South Florida carbonate platform as a 
whole. 
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INTRODUCTION 


South Florida's reputation for clear, pristine waters is a major factor in its popu- 
larity as a recreational site for both tourists and residents. Because of the area's low 
population density, low level of industrial development, and lack of major rivers, 
concentrations of chemical contaminants are generally low. However, water chemistry 
problems have been identified, including hypersalinity due to evaporation and limited 
freshwater discharge into Florida Bay (Robbice et al. 1989), introduction of pesticides 
from agricultural drainage (Skinner and Jaap 1986; Skinner 1988a), and nutrient 
enrichment of groundwaters and nearshore waters due to on-site sewage disposal in the 
Florida Keys (Lapointe and O'Connell 1988). The nutrient problem is of special 
concern because nutricnt inputs could alter the ecological balance of nearshore com- 
munities such as coral reefs and seagrass beds (Lapointe and O'Connell 1988; Lapointe 
1989). 


This chapter focuses on trace metals and hydrocarbons, because their concentrations 
could be directly affected by offshore oil and gas drilling and production in the study 
area. Both trace metals and hydrocarbons are present in South Florida waters from 
natural sources and existing human inputs. Drilling discharges would introduce some 
trace metals (such as barium) that are currently present at very low concentrations (sce 
Chapter 13). Parts of the study areca already contain high concentrations of pelagic tar 
from tanker discharges; oil spills and routine production discharges could introduce 
additional petroleum hydrocarbons. 
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TRACE METALS 
B. J. Presley 


Trace Metal Sources 


Trace metals have both natural and anthropogenic sources. Continental rocks, soils, 
and organisms have variable concentrations of trace metals, some of which are released 
during weathering, decomposition, and destruction of the parent matcrials. Released 
trace metals are transported from continents to oceans, both in dissolved form and 
associated with particles of various sizes. In addition to these natural sources of trace 
metals on the continents, natural Occanic sources might, in some cases, supply significant 
amounts of trace metals to nearshore arcas. Human activities, both on the continent 
and in the sea, can also significantly influence the nearshore flux of trace metals. 


For most nearshore cnvironments, most trace metals will come from the nearby 
land. However, scawater may be a more important source for arcas adjacent to 
limestone terrains with little industrial development, such as the Florida Keys. Marine 
sources of trace metals such as undersea volcanos and hydrothermal vents, manganese 
nodules, etc. are not commonly found in this area. Human activitics in the marine 
environment, such as dredging, construction, shipping, and oi and gas operations, must 
also be considered. 


In describing land sources of trace metals, a first consideration ts their transport to 
the ocean. Trace metals can be transported by rivers, the atmosphere, or through 
human activitics. 


Rivers 


Rivers are the main pathway by which both natural and pollutant trace metals reach 
the coastal ocean in most parts of the world. Garrels and Mackenzie (1971) estimated 
that rivers account for 90° of the total scaward transport of dissolved and suspended 
material. The Gulf of Mexico receives about 69°% of the total dissolved matcrial 
(Leifeste 1974) and 77°% of the total suspended solids (Curtis et al. 1973) transported to 
the ocean from the continental U.S. The Mississippi and Atchafalaya Rivers account for 
about 86°% of all U.S. riverine transport to the Gulf of Mexico. To characterize the 
Mississippi River input is, therefore, sufficient to describe a large percentage of the 
input of continental material to the Gulf of Mexico. The Mississippi River probably has 
little effect on the Florida Keys arca, however, as its flow is mainly directed westward 
and in any case is only about 1/800th that of the Loop Current which affects the castern 
Gulf. 


Atmosphere 


Numerous studies of atmospheric transfer of trace metals from continents to occans 
have been recently conducted (c.g., Buat-Menard 1986). It is generally recognized that 
atmospheric transport dominates over riverine transport for open occan arcas far from 
land. For some metals (such as lead) that have been abundant in automobile cxhaust, 
atmospheric transport dominates cven in coastal regions, especially ncar population 
centers. Other processes, such as cement manufacturing and coal burning, can also add 
large amounts of some trace metals to the atmosphere. For these metals, the atmos- 
phere can be a significant transport pathway to the coastal occan, especially in arcas 
remote from large rivers. Church ct al. (1982) suggested that atmospheric sources of 
several trace metals are as grcat as riverine sources for the Mid-Atlantic coast (Delaware 
area) and Windom (1980) reached similar conclusions about the Georgia coast. 
Unfortunately, no data are available on atmospheric inputs of trace metals to the 
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Florida Keys area, but the input could be significant due to large power plants and 
other industry in the Miami arca, which could reicase aerosols rich in arsenic, cadmium, 
copper, selenium, zinc, and perhaps other metals. 


4 ates 


Human activities, both on land and at sea, are capable of greatly disturbing the 
marine environment. Activities such as mining, smelting, manufacturing, energy 
production, and agriculture mobilize trace metals on the land, which results in enhanced 
transfer to the sea. Rapid population increases over the past 10 years in South Florida 
and the Florida Keys are a major concern because wastes generated on land have the 
potential to pollute the marine environment. 


A number of human activities are potential sources of direct addition of trace 
metals to the study area. For example, ocean dumping of industrial wastes from ships 
or barges has been a major concern in some places. Ocean waste disposal through 
industrial outfalls is closely related to ocean dumping. In some parts of the country, 
some industrial waste pipelines discharge directly into estuarine or marine watcrs. 

These are regulated by the U.S. Environmental Protection Agency (EPA) but can, 
nevertheless, degrade the marine environment, especially in view of the difficulty of 
monitoring compliance with EPA permits. The power plant at Turkey Point (in 
southern Biscayne Bay) is one of the few industrial outfalls with a potential to affect the 
Study area, but more data are needed on industrial and municipal discharges in the arca. 


In addition to ocean dumping and pipeline discharges of wastes, two other human 
activities potentially affect trace metal distributions in the study area: (1) oil and gas 
activities, and (2) dredging to create and maintain navigable channels. The latter has 
caused concern in the South Florida area due to building of numerous marinas and 
small boat channels and the increased small boat traffic. Petroleum exploration, 
development, and production operations are of concern because a number of associatcd 
activities could affect trace metal levels in the arca--for example, transporting and 
constructing drilling platforms, building pipelines, etc. However, the two activities that 
have received the mst attention are disposal of drilling fluids and cuttings, and disposal 
of produced water. These discharges are discussed briefly below, and in more detail in 


Chapter 13. 


Drilling fluids (also known as drilling muds) are essential to oil and gas drilling. 
Circulation of drilling fluids through the well cools the drill bit, removes cuttings, coats 
the borehole to prevent fluid loss, controls downhole pressure, and performs other 
functions (National Research Council [NRC] 1983). Drilling fluids are essentially made 
from fresh water or seawater and bentonite (montmorillonite) clay. However, many 
chemicals are added to the fluids to perform specific functions; as a result, over 1,000 
brand name additives are on the market. By far the most common additive is barite 
(BaSO,), which is added to increase drilling fluid weight. This compound can amount 
to 90% or more of the dry weight of typical drilling fluids. Other common additives 
include chrome lignosulfonate, lignite, and sodium hydroxide. All of these additives may 
contain trace metals;‘therefore, depending on the amount and nature of additives, 
drilling fluids contain variable concentrations of trace metals. 


Another substance discharged to the ocean in large amounts is produced water (also 
known as formation water) that is produced with petroleum and that must be separaicd 
from it during offshore production operations. Over the lifetime of a typical production 
well in the Gulf, the amount of produced water discharged can be as much as cight 
times the amount of oil extracted (EPA 1987). These discharges could add significant 
amounts of some trace metals to seawater, but the chemical composition of produced 
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water is not well known. The discharges are typically enriched in barium, boron, 
bromine, fluorine, iron, lithium, manganese, and strontium (Collins 1975), but the 
concentrations of rarer and more toxic trace metals, such as cadmium and lead, are not 
well known. If produced water mixes rapidly with a large volume of seawater, then even 
toxic metals would be rapidly diluted to harmless concentrations, unless the metals were 
initially present in very high concentrations, which seems unlikely. Nevertheless, more 
study of the nature and fate of produced water is needed. 


Trace Metal Distribution 
Dissolved in Water 


Most reported concentrations of trace metals dissolved in seawater are 10 to 1,000 
times higher than values reported in recent, high quality data sets. Bruland (1983) 
reviewed recent dissolved trace metal data and discussed problems with earlier data. He 
pointed out that only within the past 10 years have sets of dissolved trace metal data for 
seawater been obtained that conform to known physical and biological oceanographic 
parameters. For example, concentrations of a number of metals have now been shown 
to correlate well with nutrient concentrations, whereas in older literature no correlations 
between trace metals and other oceanographic parame.ers could be found. It should 
also be noted that only a few investigators in the world have produced these 
“oceanographically consistent” dissolved trace metal data sets, and even recent data from 
most investigators should be viewed with extreme skepticism. Researchers who are now 
able to produce high quality dissolved trace metal data possess no unusual skills or 
equipment unavailable to other investigators. They simply recognize the need for 
extreme care in sampling, storing, and analyzing seawater, and they use clean-room 
procedures throughout the process. 


Unfortunately, few seawater samples from the South Florida shelf have been 
analyzed for dissolved trace metals with the care required to lend confidence to the 
data. Data that are almost certainly of high quality have, however, been reported by 
Edward Boyle and his co-workers. Boyle is one of the most respected and expericnced 
scawater analysts in the world. Boyle et al. (1984) reported on a set of approximately 
50 surface samples collected along a cruise track extending from Miami, around the tip 
of Florida, and across the Gulf of Mexico to near Bay Saint Louis, Mississippi. Only 
three or four of the stations were in the South Florida study area but a number of 
others were just outside the area. The cruise track crossed the Loop Current and a 
warm core ring. In spite of these different water masses and the long cruise track, there 
were almost no differences in surface seawater concentrations of cadmium, copper, and 
nickel (the only metals determined) anywhere in the open Gulf. The open Gulf surface 
samples had concentrations of 0.0005 yg/L for cadmium, 0.082 pg/L for copper, and 
0.11 pg/L for nickel--values much lower than those reported by previous investigators 
(¢.g., Slowey and Hood 1971). However, the surface samples collected a few kilometers 
off the Mississippi coastline had higher values, averaging 0.02 ug/L for cadmium and 
0.5 pg/L each for copper and nickel. These coastal concentrations, obtained by Shiller 
and Boyle (1983) from samples collected in April 1981, are similar to values obtained by 
Shiller and Boyle (1983) from samples collected farther west, in the Mississippi River 
plume. Thus, concentrations of these three metals are fairly constant in surface coastal 
Gulf of Mexico water. Although the concentrations are considerably higher than open 
Gulf values, they are nevertheless much lower than values reported by most other 
investigators. 


These lower values are supported by data from Spencer et al. (1982), who sampled a 
single station in the Straits of Florida. They reported concentrations of 0.005 pg/L for 
cadmium, 0.2 g/L for copper, 0.02 pg/L for lead, and 0.012 pg/L for zinc. Spencer ct 
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al. (1982) found dissolved trace metal concentrations at a station in the Sargasso Sea 
similar to those at the Straits of Florida location. Both data sets are similar to surface 
ocean values from elsewhere as summarized by Bruland (1983). Thus, there is no 
reason to believe that open ocean concentrations of any trace metal would be higher 
than average in the South Florida study area. Concentrations in shallow-water bays and 
lagoons are less certain, and very high values have been reported. For example, 
Chesher (1975) studied effluents from a large desalination plant in Safe Harbor on 
Stock Island in the Florida Keys. He found several parts per million copper, nickel, and 
iron in the effluent and high values in the receiving water. Skinner (1988b) reported 
5 pg/L arsenic, <1 ug/L cadmium, and 0.5 pg/L mercury, but 5 pg/L lead and 5 and 
16 pg/L copper in the Marvin D. Adams Waterway and Largo Sound. It is impossible 
to judge the significance of these reported high dissolved trace metal concentrations 
because the methods of analysis are not well documented in the reports. 


The role of diffusion from sediment pore water in controlling trace metal concentra- 
tions in overlying coastal seawater has been much discussed, but not enough work has 
been done to verify its importance for most metals. It seems clear that the phenom- 
enon is important for manganese, which exists in sediments as an oxide that is easily 
reduced to the soluble Mn*? form. Trefry and Presley (1982) calculated that manganese 
was diffusing from Mississippi River Delta sediments at a rate of 200 to 
1,000 ysg/cm“/year. This diffusion depletes the delta sediments in manganese by about 
50% and should affect bottom-water manganese concentrations, but bottom water was 
not analyzed. Iron is also reduced and mobilized in sediments, and high iron values are 
found in nearshore sediment pore water. However, iron flux out of sediments is less 
than that of manganese, and fluxes of cadmium, nickel, lead, eic., are probably even less, 
but this has not been well documented. It is possibile that reductive mobilization is 
especially significant in the carbonate-rich and organic-rich sediments of South Florida 
because a significant percentage of some trace metals may be associated with organic 
matter. As Organic matter decays, the metals would be released in an environment with 
little clay to adsorb them. More work is needed on this subject, because benthic 
Organisms would be exposed to sediment pore water and might be affected by high trace 
metal concentrations or high levels of such chemicals as ammonia and sulfide, which 
also build up in pore water. 


Suspended in Water 


Non-Living Particulate Matter. Most particulate matter transported to the sea by rivers 
settles Out very near the river mouth, including even the very fine-grained clay material. 


Thus, a river plume, such as that of the Mississippi River, is highly visible, with a sharp 
transition from muddy to clear water. Several factors contribute to this rapid settling of 
river particulates, including lower current speeds and higher salinity in the ocean, which 
tends to flocculate clay particles. Zooplankton can also aid in sinking of clay particles 
by packaging them into fecal pellets which sink rapidly. 


Total suspended matter (TSM) in rivers varies considerably from river to river and 
season to season as a function of river flow, but is commonly 10 to 100 mg/L. In 
contrast to river TSM values, coastal seawater values are low and can vary due to 
variations in both inorganic and biological particles. Nelsen and Trefry (1986) found 6 
to 7 mg/L TSM at a station very near the Mississippi River mouth when concentrations 
in the river were 180 mg/L. A few kilometers away at mid shelf, TSM dropped to 2 to 
3 mg/L, and at the shelf break, to 0.3 to 0.5 mg/L. Open Gulf of Mexico TSM values 
are typically 10 to 100 ysg/L--that is, 5 to 50 times lower than the shelf break values. 


Manker (1975) found 2 to 4 mg/L TSM in Florida Bay and adjacent areas in 1973, 
and 0.5 to 1.5 mg/L in 1974. He reported the latter values are more typical, due to 
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improvements in his sampling techniques, but he also cautioned that concentrations vary 
widely in these shallow waters with wind speed variations. Mathis (1973) found 

~15 mg/L TSM at the mouths of the Shark and Broad Rivers, values two to three times 
higher than those measured in the headwaters of these rivers. It would be very unusual 
to find higher TSM values in the coastal marine environment than in rivers in most 
parts of the worid, but the South Florida rivers are low in TSM. Most TSM in South 
Florida coastal marine environments is resuspended bottom sediment or plankton, not 
river-derived material. 


Most TSM values are obtained by filtering a discrete water sample of 100 to 
1,000 mL. A problem with this procedure is that it can miss large particles, which sink 
rapidly and which may carry most of the mass that is sinking toward the seafloor, thus, 
measured TSM values might not be a good indicator of. flux to the bottom. A second 
problem arises when the chemistry of the particulate matter is to be determined. If, as 
is usually the case, this is done by analyzing material caught on filters, the material may 
not be typical of what is sinking, and the filter is likely to hold so little material that 
great skill is needed for proper analysis. For these reasons, there is relatively little 
information on the chemistry of suspended matter in South Florida bays and estuarics, 
and some of the available data are of questionable quality. 


Manker (1975) reported chromium, cobalt, and mercury data on suspended maticr 
samples collected at 37 locations from southern Biscayne Bay, south through Card and 
Barnes Sounds, Florida Bay, and along the Florida Keys to near Alligator Reef 
(Table 3.1). Thus, the Upper Keys were well sampled, but no samples were taken in 
the Big Pine Key/Key West area. The samples were collected on glass fiber filters, 
which is not a good technique, and were analyzed by neutron activation, which is not a 
reliable technique for mercury. The mercury data are thus almost certainly in error, as 
the values are orders of magnitude higher than values for the likely source material 
(bottom sediments and plankton). The cobalt and chromium values in suspended 
material are much higher than those of bottom sediments (to be discussed below), but 
the increases in these cases could be due to the finer grain size of the suspended 
material. 


Table 3.1. Trace metal concentrations in sediment, suspended particulates, and 
corals from the Florida Keys and carbonate sediment and phytoplankton 


from the Gulf of Mexico. 
Metal Concentration ug/g dry wt) 

Type of 

Sample Co Cr Hg Pb Zn 
Bottom sediments (bulk) * 02 9 0.4" 26° 4 
Botton sediments (<4 um)* 25 19 17* - 25 
Suspended perticulates* 7 137 28° - - 
Corais* 02 08 0.1*° - 2 
Gull carbonate sediments ~ 13 0.1 2 6 
Gull phytoplankton§ 3 - 03 20 sO 


* Manker (1975). Hg and Pb values are considered unreliable (see text). 
+ Trefry ot al. (1978), except Hg from Presley unpubl. data. 
§ Tretry and Presiey (1976), except Hg from Windom et al. (1973) for Atlantic phytoplankton. 
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Mathis (1973) analyzed suspended maticr caught on Millipore filters in 23 to 25 ppt 
salinity waters at the mouths of the Broad and Shark Rivers for cadmium, copper, iron, 
and manganese. The cadmium valucs obtained are about 10 times higher than valucs 
for bottom sediment in this arca as determined during the National Occanic and 
Atmospheric Administration (NOAA) Status and Trends program (Table 3.2), but the 
copper, iron, and manganese valucs are very similar to the Status and Trends valucs. It 
seems likely that the Mathis (1973) cadmium valucs are too high, bul a grain size or 
composition cffect cannot be ruled out. 


Plankton. In addition to the problems discussed above regarding the sampling and 
analysis of non-living suspended maticr, sampling and analysis of plankton present 
further problems. Plankton must be sampled with a net, usually attached to a metal 
wire and pulled by a ship. Mctal particics from the wire can be incorporated into the 
sample, as can paint chips and other debris from the hull of the ship. Furthermore, 
inorganic Maticr suspended in the waicr is mixed with the plankton by the nct. 
Essentially no reliable data are available on trace clement levels in plankton from the 
study areca. Gilio and Scgar (1976) collected plankton, but admitted to analytical 
probiems in analysis and used only their own copper and zinc valucs while estimating 
other metals from world average data (sce Tabie 3.7 latcr in this chapter). 


Sediments 


Marine scdiments are usuaily considered to be the ultimate sink for trace metals 
addev to the occan, and that is certainly true afier the trace metals have been buried a 
meter or so deep in the sediment column. However, trace metals can be returned to 
the water column from a few centimeters deep in the sediment column by mobilization 
processes that solubilize them. Either molecular diffusion or physical disturbance within 
the sediment can transicr soluble metals to the water column. In spite of the processes 
that can return trace metals to the waicr column or make them available to organisms 
living in the sediment, the sediment column represents, in general, a record of past and 
present trace metal inputs to the marine environment. As such, sediment data provide 
valuable information to cavironmental monitoring studics. An cxample of using 
sediment analyses for a historical perspective on pollutant inputs to Gulf of Mexico 
sediments is given by Presicy ct al. (1980). 


Skinner and Jaap (1986) reported trace clement data for sediment collected in the 
John Pennckamp Coral Reef State Park and the Key Largo National Marine Sanctuary. 
Samples were collected at 20 stations in 1985, and at 14 and 8 of the 20 stations on 
subsequent sampling trips in 1°86. Samples were analyzed for arsenic, cadmium, copper, 
mercury, and lead by Dr. Eugene Corcoran at the University of Miami, using “Standard 
Methods for the Examination of Waict and Wastewater” (American Public Health 
Association 1976). This method uses hot nitric acid to Icach the sample, so it should 
recover most (>80 to 90%) of the metal content of these carbonate-rich sediments. 


Most stations sampled by Skinner and Jaap (1986) were within 10 to 1,000 m of 
island shorelines in about | m water depth. Three stations were 7 to 10 km (43.8 to 
5.4 ami) offshore around coral recfs in water depths of 15 to 25 m, and four stations 
were in intermediate locations. All sediment was carbonatc-rich, but came from a 
varicty of sources and had particie sizcs varying from mud to gravel. No table of the 
data was given in the manuscript, but arscnic valucs were reported to range from 
<0.1 to 9.9 jsg/g, with more than 50% of the sampics having <0.1 yag/g and the high 
values Occurring near human devclopmenis. 
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Table 3.2. Concentrations of major and trace elements in South Florida coastal sediments and suspended matter. 
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§ Mathis (1973). Co values 


Heatwole (1987) monitored water quality parameters (dissolved oxygen, coliform 
bacteria, nutrients, cic.) and copper, iron, lead, mercury, and zinc in sediments from 


were low and similar at all control stations, and have been combined in Table 3.3; 
however, the concentrations were high and variable at stations near pollutant sources. 
The lead data given are almost certainly in error and should be ignored, as the control 
site values are 10 times higher than values from other investigators; the mercury data 
are useless because of the high detection limit. 


Metal Concentration Wo/g dry wt) 

Station* Cu Fe How Pb+ Zn 
Faro Bianco 72 1 wo 16 tS ) % 
Fish Market 61 2,300 <0.02 79 78 
Shopping Center 3% 5,100 002 52 48 
Beach 10 1,200 <002 42 10 
Canal 100 2,600 002 78 115 
Control 5 400 <0.02 45 10 


* Station locations Faro Blanco—marina with liveeboerd boats Fish Merket-seatood processor boat 
harbor Shopping Center—parking jot drainage Beach—Key Colony Beach sewage treatment plant 
Canal-90th Street Canal septic tank leachate Contro!—beyede and oceanside contro! statbons 

+ Pb data are considered unreliable Hg deta are useless because of high detection limit (see text) 
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sediment and suspended sediment in this arca have higher trace metal concentrations 
than coarser material. Better documentation is needed on the magnitude of suchi 


values 
from 
than 
and T 
able 
the 
Regulation (Table 3.5). Manker’s mercury value also scems to be too high by a factor 
of 10 based on other analyses (Table 3.1). It is likely, however, that fine bottom 


ht 


a marina on Key Largo, a lagoon in 


Manker (1975) claimed that sampling sites near population centers, highways, boat 
basins, power plants, etc. produced sediments enriched in trace metals compared with 
sediments from more isolated locations. Especially high trace metal concentrations werc 
Florida Bay, and a power plant at Turkey Point (Biscayne Bay). The extremely large 
differences in concentration between bulk and <4-ym fraction samples make these data 
difficult to interpret. Some of these differences could easily be due to grain size 


differences and have nothing to do with human activities. However, trace metal 
enrichments around the Turkey Point power plant have been reported by others, as is 


discussed below. 


found near a storm sewcr outfall on Tavernier Key 
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Table 3.4. Average trace metal concentrations in South Florida carbonate and 
quartz sand sediments, average limestone and sandstone, and average 
upper continental crusi. 


Meta! Concentration* 


Cd Cr Cu Fe Ni Pb Zn 
Carbonatese 0.15 13 13 0.19 34 2 6 
Quartz sand§ 0.03 4 0.03 0.06 0.7 1 2 
Limestones4 0.03 11 55 1.7 7 57 20 
Sandstones{ 0.05 35 Ks) 29 9 10 Dd 
Average Crust** 0.1 35 235 35 20 20 71 


* All concentrations in ug/g dry wt, except Fe in percent dry wt. 

+ Trefry et al. (1978). Samples with >90% CaCOs. 

§ Tretry et al. (1978). Samples with <10% CaCO, and <10% fines. 
q Bowen (1979). 

** Taylor and McClennan (1985). 


Table 3.5. Trace metal concentrations in coastal and offshore (carbonate) sediments 
from South Florida. 


Metal Concentration* 


As Cd Cr Cu Fe Hg 


E. Florida Bay+ 
Mean 35 003 - 23 021 0.01 102 36 27 48 
sD 06 0.005 - 14 002 0.01 180 0.7 03 08 
W Florida Bay and 
SW Florida Coast§ 
Mean 24 005 13 25 032 002 158 41 29 56 
ot 8 05 0.009 2 03 004 8600.00 21 0.7 06 11 
Offshore SW Floridaq 
Mean - 0.08 75 09 01 -<- - 35 32 60 
SO - 0.02 20 0.1 005 - - 05 03 20 


* Values in ug/g dry wt, except Fe in percent dry wt 

+ K. Swanson, pers. comm. (1989), Florida Department of Environmental Regulation Six stations in 
eastern Florida Bay, one in Barnes Sound 

§ K. Swanson, pers. comm. (1989). Six stations in western Florida Bay, 11 in Whitewater, Gullivan, and 
Rookery Bays 

{ Woodward-Clyde Consultants and Continental Shelf Associates, inc (1983) 
CaCO, from the Southwest Florida Shelf Ecosystems Study 


Eight samples of >94% 
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Segar and Pellenbarg (1973) reported on analyses of sediment samples collected 
near the Turkey Point power plant and from Card Sound, which is just south of the 
power plant. Average values for scveral trace metals at these two locations are similar 
to those found by Brooks et al. (1988) in three estuarics in the Everglades City arca 
(Tables 3.2 and 3.6). However, Scgar and Pelicnbarg (1973) found higher concentra- 
tions of metals near the mouth of the cooling water efflucnt canal for the Turkey Point 
power plant. Enrichments were especially evident for copper, nickel, and vanadium. 
Segar and Pellienbarg (1973) suggested that these enrichments are duc to cither con- 
struction or operation of the plant, which was about four years old in 1973. The canal 
mouth data are given only as contours on a map for copper, nickel, and vanadium, thus, 
it is not possible to look for a corresponding enrichment in iron, which might suggest a 
grain size effect as contributing to the cnrichments. However, the copper, nickel, and 
vanadium concentrations are high, even for very fine sediment. More recent data are 
needed to supplement the 1973 data and to assess the longer term influence of the 
power plant. [It may well be that the shallow Florida bays with restricted circuiation are 
especially susceptible to contamination from power plant and industrial cfflucnts. 


Two of the NOAA Status and Trends sites are within the study arca, and one ts just 
outside of it. Three samples were taken at cach of these three sites in 1986 and again 
in 1987. The data have been averaged and are shown in Table 3.2 along with overall 
averages for all Status and Trends sites in the Gulf of Mexico. The South Florida sites 
have about one-third the iron of average Gulf of Mexico sites and about one-half to 
one-third of the copper, lead, nickel, silver, tin, and zinc. They arc, however, only 
slightly lower in arscnic and cadmium, lower in mercury by less than a factor of two, 
and equal to average sediment in chromium. South Florida sediment is thus different 
from average Gulf of Mexico sediment. Furthermore, Florida coastal quartz sands are 
lower in trace metals than are carbonaics, as is sccn in Table 3.4. |i seems likely, 
however, that the carbonates vary depending on the shells and tcsts making them up, or 
on environmental factors. For cxampic, the offshore carbonate data (Table 3.5) show 
lower trace metal concentrations than nearshore valucs. 


Table 3.6. Trace metal concentrations in sediment from Card Sound and southern 
Biscayne Bay (Turkey Point area), including the mouth of a power plant 
effluert canal, compared with concentrations in three other South Flonda 
estuaries sampled during the National Oceanic and Atmospheric 
Administration Status and Trends program. 


Metal Concentration* 
Ag Cd Cu Fe Ni Pb v Zn 
Card Sounds 05 07 2 019 <2 1 24 4 
Turkey Pours o4 02 1 026 25 3 52 12 
Effluent canalq - - 40 - 150 2 200 " 
NOAA Status and Trends** 004 O14 6 06 7 4 - 19 


* Values in ug/g Gry wt, except Fe in percent dry wt 

+ Seger and Pellenbarg (1973). Mean of 82 samples 

§ Seger and Pelienbarg (1973). Mean of 33 samples 

q Seger and Pelienbarg (1973) Mean value at mouth of Turkey Pont power pliant effiuent canal 
** Brooks et el (1968). Mean of 16 samples from three South Flonda estuanes 
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Currently, Drs. Robert Braman, Dean Martin, and Richard Strom from the 
Chemistry Department at the University of South Florida, Tampa are analyzing samplcs 
they collected along six transects (18 stations) off the Florida Keys from Key Biscayne 
to the Dry Tortugas. The samples consist of 54 sampics each of bottom sediments, 
primary producer organisms (green alga Halimeda or seagrass Thalassia) and consumer 
organisms (mostly sponges: Haliclona rubens, Spheciospongia vesparium, and 
Xestospongia muta). The samples are being analyzed for arsenic (inorganic and methyl), 
cadmium, copper, lead, mercury, and tin, as well as pesticides. No data from this 
project were available when the present report was written. 


Benthic Organisms 


The tropical South Florida study area is home to an abundant and diverse assem- 
blage of marine organisms, with extensive mangrove forests, seagrass beds, and benthic 
algal colonies forming the base of a food chain that culminates in many commercially 
and recreationally important finfish and shellfish stocks. Ideally, a reliable data set 
would be available that would list background values for all potentially toxic metals in 
each ecosystem component. This ideal situation does not exist, but a number of studics 
of trace metals in organisms in the area have been conducted. 


Gilio and Segar (1976) presented data and a model for movement of cadmium, 
copper, iron, lead, vanadium, and zinc through the Card Sound ecosystem. Data were 
collected in 1971 and 1972 and seem to be of high quality. The research was aimed at 
obtaining an inventory of metals in various ecosystem compartments and fluxes of metals 
between compartments. For example, total masses of water and sediments in Card 
Sound were estimated, as was the total biomass for various organisms (turtle grass, 
algae, sponges, cic.). Total mass was multiplied by average concentration of each metal 
tO arrive at a total inventory. Estimates were then made of turnover times (¢.g., annual 
productivity of cach organism, flushing time of water through the Sound) and transfers 
between compartments. 


Gilio and Segar (1976) reported that the highest amounts of all elements were 
found in sediments, followed by water, and then by living organisms. Living organisms 
and water, however, turn over trace metals much more rapidly than does sediment and 
would thus respond more quickly to anthropogenic additions. Table 3.7 presents data 
obtained by Gilio and Segar (1976) on trace element concentrations in those organisms 
(mostly plants) important to the overall biomass or clement cycling in Card Sound. The 
data show a somewhat surprising uniformity in concentration of a given metal in the 
various Organisms, with factor-of-two differences much more common than factor-of-10 
differences. Some major differences were found; for example, the calcareous algac 
Laurencia poitei averaged 96 jsg/g in vanadium, whereas red mangrove (Rhizophora 
mangle) leaves had only 0.43 jsg/g. However, these differences were the exception. 


In the study by Gilio and Segar (1976), turtle grass (Thalassia testudinum) had the 
largest inventory of all trace metals due to its large biomass, followed closely by 
sponges; large rooted algae were approximately 10 times lower. Phytoplankton and 
other organisms constituted a minor part of the total trace metal inventory. 
Presumably, phytoplankton would prove to be minor contributors to the primary 
productivity of shallow-water bays in South Florida. Thus, trace metal analyses should 
concentrate on seagrass and benthic algae. Turtle grass in Card Sound, after death and 
decay, accounted for most movement of cadmium, iron, and lead from sediments to 
water. It was suggested, but not proven, that living turtle grass “pumps” trace metals 
from sediments to water and thus might be even more important than it appears to 
trace metal cycling. Phytoplankton and epiphytes seem to account for about one-third 
the primary productivity of turtle grass, and thus might cycle most of the copper, 
vanadium, and zinc through the Card Sound system. 
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Table 3.7. Trace element concentrations for marine organisms of Card Sound, Florida (From: Gilio and Segar 1976). 


Metal Concentration (ug/g dry weight) 
Mean + Standard Error 


Cd Cu Fe Pb Vv Zn 
MACROFLORA 
Thalassia testudinum (46)* 02+0021 16+03% 320 + 46 0.72+0.16 85+12 18+13 
Laurencia poitei (14) 02+0047 12 +24 420+75 059+0.16 96.0+56 34+5.1 
Penicilius capiatus (34) 01140012 12+0.17 560+77 1.1 +021 486+072 12+35 
Halineda incrassata (4) 0.16+012 072026 230+75 12 +056 24+078 3.7+12 
Rhizophora mangle (7) 
Live leaves 0.044+0 028 13+067 100+ 76 039+0.11 043+029 3.1+0 68 
Dead leaves 0240+0110 56+46 71420 0.79+023 052+022 2.3+0 52 
Seedlings in water (3) 0.017+0 0059 061+079 12+56 023+017 0.46+041 22+038 
Decaying stems in water(2) 0.056+0.055 052+0 46 140+0 0.099+0007 0056+0.055 8.1459 
MICROFLORA 
Phytoplankton§ 020 12+60 7” os 0x 160 +60 
Epiphytes on Thalassia 020 21494 420 0.59 96 150+59 
bledesq 
MACROF AUNA 
Detritrvores and 
Carnivores (4) 0.19+008 74+067 41+869 039+015 0.77+007 26 +20 
Sponges (7) 044+018 37415 530+ 150 0.36+0.15 286+15 24+98 


* Numbers in perentheses are the number of samples analyzed 


t Possible error due to @ hi 


Values for Cd, Fe, Pb, V given as 15-fold lower than Bowen's 1979 data based on Cu and Zn valves determined in this study being 15-foid lower 


than Bowen's values 


q Valves for Cd, Fe, Pb, and V assumed to be the same as those for Laurencia poitei 


sf 
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Skinner and Jaap (1986) (Table 3.8) reported on the analysis of a varicty of 
invertebrate organisms collected in the John Pennekamp Coral Reef State Park and the 
Key Largo National Marine Sanctuary. Samples were collected at 20 locations in 1985, 
and at 14 and 8 stations during two sampling trips in 1986. Al cach station, two to 
four species, judged to be the dominant species at the location, were collected by divers. 
Some stations were in shallow water (~1 m) nearshore, and some were in deeper waicr 
(~25 m), 5 to 10 km (2.7 to 5.4 nmi) offshore. Most samples were turtle grass 
(Thalassia testudinum), green algac (Halimeda sp.), coral (Montastraea annulans, Porues 
porites, and others), or sponges. The samples were analyzed by Dr. Eugene Corcoran at 
the University of Miami. 


The report by Skinner and Jaap (1986) does not list all data but rather simply gives 
the highest and lowest values obtained for cach metal on cach sampling trip for cach 
Station and the organism in which these ranges were found. The data presentation and 
extreme variability in metal concentrations for a given species make data interpretation 
almost impossible. The report claims to show higher concentrations at nearshore 
Stations near arcas disturbed by humans, but this is difficult to see in the data as 
presented. An additional problem is that many samples were below the detection limit 
for cadmium (<0.3 to <3.0 pg/g), lead (<1 to <10 pg/g), and mercury (<0.1 jp’). 
The coral data are especially difficult to evaluate, as no indication is given as to the 
relative amounts of hard and soft tissue in a given sampic. Some scagrass and algal 
samples probably had considerable inorganic matter associated with them, based on the 
aluminum and iron data. 


Manker (1975) analyzed eight coral samples as part of his study of sediments. 
These data are given in Table 3.1, where it can be seen that the concentrations for the 
clements determined are very low, making it difficult to believe his contention that trace 
metals might be affecting the corals. 


Mathis (1973) analyzed red mangrove (Rhizophora mangle) leaves and their decom- 
position detritus for cadmium, copper, iron, and manganese to assess their contribution 
to heavy metals in South Florida estuaries. In comparing the Barron River estuary, 
which receives its drainage from agricultural areas, with the Shark and Broad River 
estuaries, which receive drainage from undeve areas, Mathis found a significant 
enrichment of cadmium and copper in Barron River mangrove icaves and an enrichment 
of copper, iron, and manganese in Barron River detritus. These differences were 
attributed to human activities. Mangrove leaf detritus, taken from the rivers and 
estuaries, was also greatly enriched in trace metals compared with living or dead leaves. 
This was attributed to sorption of dissolved metals by organic detritus, but could also be 
due to contamination of organic detritus with inorganic matter. 


Oysters. Oysters provide a number of advantages as organisms to analyze in pollution 
monitoring studies. They are sessile and relatively casy to collect, can often be found in 


large stable populations that allow repeated sampling, are good concentrators of several 
trace metals, are casy to analyze, respond to changes in metal concentration in the 
environment, and are commercially important. The Gulf of Mexico component of the 
NOAA Siatus and Trends (Mussel Watch) h therefore uses oysters exclusively. 
Two Mussel Watch sites are within the South study area (Rookery and Faka 
Union Bays), one is just Soop canis the au Guate Bay), and one is about 50 km 
(27 nmi) north of the area (Charlotte Harbor). At cach site, 20 oysters were collected 
at each of three stations during the winters of 1986, 1987, 1988, and 1989 (Brooks ct al., 
1988). Oysters from cach station were homogenized to make a single sample cach year. 


Table 3.9 shows data from the first three years of the NOAA Status and Trends 
Program. Each value is the average of the three stations and the three years (nine 
samples of 20 oysters cach). In general, there is more variation in trace metal con- 
centration between sites than between stations at a site or between years. Thus, the 
data characterize a given site, and the sites differ. 
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Table 3.8. Trace metal concentrations in nearshore and offshore organisms in the 
Florida Keys (From: Skinner and Jaap 1986). 
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Some contrasts among sites in South Florida and between South Florida sites and 
averages from all Gulf of Mexico sites can be noted in the data. For cxampie, arsenic 
concentrations in oysters from Naples and Rookery Bays (and from Charlotte Harbor, 
which is outside the arca and is noi shown) were the highest on the Gulf coast, being 
about three times the average value. Faka Union Bay oysicrs, in contrast, were slightly 
below average in arsenic content. This persistent trend must have an cnavironmenial 
cause, but thal cause has not yet been determined. 


Naples Bay oysters are enriched in copper and silver by about a factor of two 
compared with the Gulf of Mexico average, but they are average in other metals 
(chromium, iron, mercury) and below average in others (cadmium, cad, nickel, and 
selenium). Rookery and Faka Union Bay oysicrs are enriched in mercury by a factor of 
two and depicted in zinc by a factor of two. All three South Florida site oysters arc 
about a factor of two lower in lead than the average Gulf of Mexico ve »« and are 
lower than two siics in Tampa Bay by a factor of five or more. It scems likely that the 
availability of metals in the different sites controls the concentrations in ovsicrs, but it ts 
not possible to determine from the existing data whether the variability in availability ts 
natural or human-induced. 


Conclusions 


There are few reliable data on trace metals in water, sediments, and organisms of 
the South Florida study arca. In fact, there are probably no reliable data on concentra. 
tions of trace metals dissolved in the waters of the shallow bays and lagoons of the arca. 
A few data thought to be reliable for offshore waters in the arca show concentrations of 
dissolved trace metals similar to those that have been found in other continental shelf 
arcas. It is possible that dissolved trace metal concentrations are higher in South 
Florida bays and estuaries than clsewhere because of the scarcity of alumino-silicate 
material which effectively adsorbs these metals. 


Trace metal concentrations in sediments from the study arca are very low compared 
with those reported for most other coastal arcas. The low valucs found for most trace 
metals are largely a consequence of the South Florida scdiments being almost pure 
biogenic carbonatc, which is naturally low in trace metals. It ts also truc that a 
relatively small land arca drains into the study arca and much of it is not highly 
industrialized. There are suggestions of higher trace metal concentrations in sediments 
near a large power plant and ncar boat marinas. Some reported data may be unrcliable 
because of difficultics in analyzing carbonate-rich, trace-metal-poor sediment. Low trace 
metal concentrations in the sediment and the small amount of recent sediment cover 
make contamination of the sediment by humans a distinct possibility. This is in sharp 
contrast to the northern Gulf of Mexico, where huge volumes of clay-rich, trace-metal- 
rich Recent sediment effectively dilute additions of most metals by humans. 


Organic primary productivity in shallow waters of the study arca ts dominated by 
seagrass and benthic algac, rather than phytoplankton as ts the case in Most marine 
arcas. According to reported data, these plants have trace metal concentrations 
comparabdle to or even higher than associated seditacnis. No data are available on 
uptake of pollutant metals by these plants, but they provide a potential pathway for 
entry of trace metals into the marine food web. Sponges and corals are abundant in the 
Study arca. Trace metal concentrations in these organisms are highly variabic but 
comparable to sediment and scagrass. Oysicrs at some sites im the arca are enriched in 
some trace metals (¢.g., arsenic and silver) but depicted in others (c.g. cadmium and 
lead) compared with average Guif of Mexico oysters. No data could be found on trace 
metals in fish or shrimp from the arca. 


Based on the data available on trace metal distributions in the South Florida study 
area, it ts Obvious that additional work is necded on watcr, scdiment, and organisms 
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Table 3.10. Potential sources of hydrocarbons Several hydrocarbons are syn 
to the marine environment. thesized by most marine 
and terrestrial plants and animals. 
NATURAL SOURCES Other organisms accumulate hydro- 
carbons from their dict. Several 
entiation of biogenic inputs from pet 
ANTHROPOGENIC SOURCES roleum inputs. Most living organ- 
Wastes isms produce only a limited numbcr 
Wastes of hydrocarbons that have a very 
— narrow boiling (molecular weight) 
At-See Sources range. Marine biogenic inputs are 
Or Bodice Spomtone of odd-<arbon-numbered n-alkanes 
Ocean Dumping end incineration Sicpate Lue on Terrestrial 
biogenic are characterized by 


inputs in clean (unaffected) oceanic arcas. 


In contrast to the relatively simple suite of hydrocarbons produced biologically, 
crude petroleum products contain a much more compicx mixture of hydrocarbons having 
a much wider boiling (molecular weight) range. Petroleum contains several homologous 
series of compounds such as n-alkanes, cycloalkanes, and sicrances that are not found in 
living Organisms. The ratio of odd-to-cven, carbon-number n-alkanes is very close to 


In some areas of the oceans, natural petroleum seepage from sediments into the 
water column can present a major input source. Chemically, oi! coming from 
the seep would have a composition similar to crude oil, as described above, and could 
casily be differentiated from natural biogenic sources. Although many crude oil seeps 
have been observed in the western Gulf of Mexico, no seeps have been reported in the 
eastern Gulf (RC 1985). Because the likelihood of oil residucs being transported from 
the western to castern Gulf of Mexico is small, it is unlikely that natural seeps would 
contribute a significant amount of oil to the study arca. 


Major sources of anthropogenic hydrocarbons to coastal environments and estuaries 
include and industrial waste and land runoff. According to the NRC (1985), 
approximatcly of all hydrocarbon inputs to the ocean originate from these sources 
ee ee Ce oes Oo Oe Cee hydro- 
carbons. of the population in the study area resides in the Florida Keys. Treated 
wastewater from the Keys is routinely discharged into the surrounding environment 
Although secondary trcatment removes most of the casily oxidizable organic matter from 
wastewater, this treatment docs not remove many of the more refractory organics, 


including hydrocarbons. Because a major portion of the hydrocarbons in treated 
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activities. These activities account for as much 
By far, 
tanker operations (68% of this input) and tanker 
The remainder is released to the oceans from offshore 
and non-tanker accidents. Although no 
in Of near the study area, tanker activity 
to the study area. Van 


including the Gulf of Mexico, anthropogenic hydrocarbon inpu 
petroleum hydrocarbon input to the oceans (NRC 1985). 
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the Intoc-] oil well blew out in the Bay of Campeche off Mexico, spilling 
imately 500 million liters of crude oil into the southwestern Gulf over a period 


dry-docking, 
taking place 
ributing 
have shown that 
ulf of Mexico 
well blowouts 
potential major source of hydrocarbons to this area. A major disaster occurred in 1979 


(Haegh and Rossemyr 1980). Within one to two days, oil spilled into oceanic waters 
and subjected to enhanced wind and wave activity can form stable water-in-oil emulsions 
(mousse) that gencrally are dispersed only by long-term physical weathering processes 
(NRC 1985). If no mousse formation takes piace, crude oil residues remaining after 
evaporation and dissolution processes stabilize contain higher molecular weight, more 


processes determine the fate of tar residues in the ocean, with the average lifetime of a 


pelagic tarball being approximately one year (Butler et al. 1973; Butler 1975). Based 
upon these weathering processes, one would expect any oil found in the water to be 


present primarily in cither the dissolved/dispersed phase or as pelagic tar. The following 
discussion will focus first on the occurrence of pelagic tar in the study area, and then on 


the occurrence of hydrocarbons in the dissolved/dispersed phase. 


The most comprehensive *zudy of pelagic tar along the Southwest Florida conti- 
nental shelf was carried out from 1980 to 1982 as part of a larger project investigating 
pelagic tar in the entire castern Gulf of Mexico (Van Vicet et al. 1983a,b, 1984). 
study, 416 surface and subsurface pelagic tar samples were collected during 
throughout the castern Gulf. Tar was primarily associated with the 
whereas Florida's continental shelf arcas were relatively uncontaminaicd 
As the Loop Current exits the Gulf of Mexico through the Straits of 
the Florida Keys and Cuba), pelagic tar contours become 
higher tar concentrations come in closer proximity to the shoreline. [It has 
shown that as currents carrying these high concentrations of tar cxit through the 
of Florida, eddies can frequently break off the Florida Current along the 

Florida coastline and move shoreward with a concomitant transport of tar to 
Plorida beaches (Lee 1971, 1975; Lee and Mayer 1977, Williams et al. 1977). This 
Suggestion is supported by exceptionally high concentrations of tar collected along 
beaches of Southeast Florida from Key West to Fort Pierce (Romero et al. 1981). 
Similar concentrations of beach tar and pelagic tar were observed in a separate study 
that extended these results to the Dry Tortugas (Zheng and Van Viect 1988). 
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Figure 3.1 


Distribution of tar in eastern Gull of Mexico (Adapted trom: Van 
Vieet et al 1964). Dark, sold tine near middie ng outhnes the current 
Study area. Classification of tar follows Wang et al. (1976) 
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5 mg/m, and Extra Heavy = >5 mag/mr (wet wt). Asterisks show 
Stations where dissolved hydrocarbons were reported by Diffe and Calder 
(1974), Concentrations are reported m the text 
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In the northern portion of the South Florida study arca (ic., primarily in Florida 
Bay), only trace concentrations of pelagic tar have generally been observed (i.c., 
<0.1 mg/m’) (Figure 3.1). Water circulation in this area is not well defined; however, 
several studies indicate that currents are weak and variable with average flows of only | 
to 2 cm/s (Cooper 1982; Danck and Lewbel 1986, Environmental Science and 
Enginecring, Inc. ct al. 1987). Although the concentration of floating tar in this portion 
of the study areca is low, any oil spilled into this arca would have a relatively long 
residence time and would not be rapidly flushed out. Studics of beach tar collected 
along this arca have shown only minor amounts of tar residues present (Romero ct al. 
1981). Beaches and offshore waters in this portion of the study arca seem to be 
relatively pristine with respect to crude oil residucs. 


To the west of the Dry Tortugas and south of the Florida Keys, heavy to extra 
heavy tar concentrations (>5 mg/m*) have commonly been observed (Figure 3.1). 
Although flow through the Straits of Florida is much faster than flow in Florida Bay, 
significant amounts of tar can be transported shoreward from the Straits of Florida by 
eddies as discussed above. It is the high concentrations of tar in this arca that present 
a threat to Southeast Florida beaches. Much of the tar in the study arca has been 
shown to originate from crude oil tanker discharges in the Gulf of Mexico (Van Vicct 
ct al. 1983a,b, 1984). Although no other investigations of pelagic tar in the study arca 
have been reported, results of the above studics have been summarized and compared 
with similar data collected throughout the Caribbean as part of the Intergovernmental 
Oceanographic Commissions's Caribbean Pollution (CARIPOL) research and monitoring 
program (Atwood ct al. 1987a,b). Other CARIPOL peiagic tar data from the castern 
Gulf of Mexico and the Caribbean Sca interface well with data reported for the study 
area. 


The carlicst work on dissolved and dispersed hydrocarbons in the castern Gulf of 
Mexico was carried out by Iliffe and Calder (1974). These authors reported dissolved 
hydrocarbons from three stations in the castern Gulf, one of which occurred in the 
study arca (Figure 3.1). Although these dissolved hydrocarbons showed no depth-relaicd 
trends, observed concentrations were highest in the Straits of Florida (range = 16 to 
75 pg/L, average = 47 yp/L), ic., the station within the South Florida study arca. 
Concentrations at the other two stations ranged from 7 to 24 pg/L and averaged only 
12 jag/L both northwest of the study area and in the Straits of Yucatan (Figure 3.1). In 
addition to dissolved hydrocarbons showing the highest total concentration in the study 
area, they also comprised the highest percentage of the total extractable lipid (TEL) 
material in this area (averaging 26% of TEL in the Straits of Florida versus 5 to 8% of 
TEL in the mid-Gulf and Straits of \‘ucatan). Qualitative hydrocarbon distributions 
were also different in the Straits of Prida. Although petrolcum contamination could 
not be definitively assigned to these hydrocarbons, high petroleum discharge in the Gulf 
and complex hydrocarbon assemblages in the gas chromatographic data suggest this may 
have been an important source for dissolved hydrocarbons in this area. It is interesting 
to note that the highest dissolved hydrocarbon levels reported by Iliffe and Calder 
(1974) occurred in the same area where the pelagic tar data of Van Vicct ct al. 
(1983a,b, 1984) showed high concentrations of tar nearest the Florida coastline, ic., in 
the Straits of Florida south of the Florida Keys. 


The most comprehensive study of dissolved and dispersed hydrocarbons in the 
eastern Gulf of Mexico and Straits of Florida was carried out by Atwood ct al. (1987a,b) 
as part of the CARIPOL project mentioned above. During that siudy, 114 measure- 
ments of dissolved/dispersed hydrocarbons were made on water collected | m below the 
surface using hexane extraction and ultraviolet fluorescence against a chrysene standard. 
In Florida Bay, no dissolved/dispersed hydrocarbons could be detected. In the Straits of 
Florida below the Florida Keys, concentrations averaged 10.6 mg/L and were the highest 
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dispersed petroleum hydrocarbon concentrations, the strong covariance of the two would 
implicate a fresh input from shipping and petroleum operations as a major contributor 
of hydrocarbons to the water column in this area (Woodward-Clyde Consultants and 
Continental Shelf Associates, Inc. 1985; Atwood et al. 1987b). 


Sediments 


Although several comprehensive studics on the distribution of sedimentary hydro- 
carbons have been carried out along the northern and central West Florida continental 
shelf, very few data are available on hydrocarbon concentrations in sedimen's within the 
Study area. The few data that are available from this area resulted primarily from the 
Southwest Florida Shelf Ecosystems Study (Woodward-Clyde Consultants and 
Continental Shelf Associates, Inc. 1983, 1985; Continental Shelf Associates, Inc. 1987). 
This study was carried out in anticipation of offshore oil and gas exploration and 
development activities off Southwest Florida. Of the 29 stations sampled during this 
Study, Only about seven were actually within the South Florida study arca, with the 
remainder being just to the north and northwest (Figure 3.2). For ‘ill stations of this 
three-year study, sedimentary hydrocarbon concentrations were low and were dominaicd 
by naturally produced biogenic compounds of mixed marine and terrestrial origin. 
Average hydrocarbon levels generally decreased going offshore, from values of about 
1.6 g/g in nearshore stations to about 0.2 pg/g beyond the 100-m isobath. Sediment 
samples collected during summer months averaged about 1.4 times higher than these 
levels due to higher scasonal productivity in the overlying water column. Within the 
South Florida study area, hydrocarbon concentrations averaged 1.5 ug/g during winter 
months and 2.6 g/g at selected stations during summer. 


Although total hydrocarbon concentrations are important in evaluating hydrocarbon 
inputs, additional parameters must be used to characterize the type of hydrocarbons 
present. Gas chromatographic fingerprinting of aliphatic and aromatic-olefinic hydro- 
carbon fractions from cach sediment sample was made during the above Southwest 
Florida Shelf Ecosystem Study. Three major types of hydrocarbons could be distin- 
guished by gas chromatographic analyses: (1) biogenic hydrocarbons of marine origin 
containing nC,,, pristane, a cycloalkane with retention index 2085, and no unresolved 
complex mixture; (2) biogenic hydrocarbons of mixed marine and terrigenous origin, 
including the above aspects plus nC,, a homologous n-alkane series showing a carbon 
preference index (CPI) >1, and containing olefinic rather than aromatic compounds, and 
(3) the above mixture of biogenic marine and terrigenous compounds plus petrogenic 
hydrocarbons with an n-alkane CPI = 1, and containing a relatively large proportion of 
aromatic compounds relative to olefinic (Woodward-Clyde Consultants and Continental 
Shelf Associates, Inc. 1983). Based upon these criteria, all but one of the sediments 
analyzed during the above study were of marine biogenic or mixed marine-terrigenous 
biogenic Origin (Figure 3.2). In the study area, there were no stations that showed any 
evidence of significant petroleum contamination. However, combined high resolution 
gas chromatography and mass spectrometry analyses of selected extracts from these 
Stations showed a ubiquitous but very low level of aromatic hydrocarbon input. These 
aromatics seemed to be of mixed source with some being produced by fossil fuel 
combustion processes and others originating from direct petroleum input. Nonctheless, 
the very low levels of these aromatic compounds (1 to 5 ng/g) did not constitute a 
significant amount of hydrocarbon contamination to this area. 
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The only other sedimentary hydrocarbon data reported for the South Florida study 
area are from four stations in the Dry Tortugas during mid-summer and reported by 
Zheng and Van Viect (1988). Total hydrocarbon concentrations al these stations ranged 
from 0.2 to 2.4 wpg/g and were dominated by a mixed marine/icrrigcnous Miogenic input 
(Figure 3.2). There was no evidence of petroicum contamination in sediments from 
these stations. These hydrocarbon levels agree well with those reported from summer 
samples collected during the Southwest Florida Sheif Ecosystems Study. Hydrocarbon 
levels reported throughout the study arca also agree well with other sedimentary 
hydrocarbon data reported from farther north along the West Florida continental shelf 
(Gearing et al. 1976; Alexander et al. 1977, Bochm 1978, Overton and Lascter 198). 
Because hydrocarbon levels in the South Florida study arca are very low and dominatcd 
by biogenic Componcats, any significant future hydrocarbon input to the study arca 
should be readily apparent and casily detectable. 


Organisms 


No data are available on hydrocarbons in marine organisms from the study areca. 
The closest set of biological samples analyzed for hydrocarbons were collected during 
the 1975 to 1978 MAFLA study from just north of the study arca (Figure 3.2). 
Hydrocarbon compositions were investigated during the MAFLA study in selected 
benthic organisms and zooplankton (Alexander ct al. 1977, Dames & Moore 1979) 
Analysis of muscie tissue from the demersal fish Syacuum papilosum exhibited primarily 
biogenic hydrocarbons with no definitive evidence for petroleum contamination. 
Macrocpifauna consisting of various shrimp, crabs, bivalve molluscs, and echinoderms 
were also analyzed for hydrocarbon content and again showed no petroleum contamina- 
tion but demonstrated a wide variation in specific branched and olefinic compounds 
indicative of marine biogenic and diagenetic hydrocarbons (Dames & Moore 1979). 
Hydrocarbons in zooplankton showed scasonal changes most likely reflecting uptake 
from phytoplankton. Pristane was the most abundant compound, along with a group of 
peaks centering around a Kovats Index of 2080 (Dames & Moore 1979). The lack of 
petrogenic contamination in biota indicates the absence of petrogenic hydrocarbons in 
the water column as well as in sediments. This again reflects the pristine nature of the 
South Florida study area north of the Florida Keys. 


Transport and Transfer Processes 
Physical and Chemical Processes 


Hydrocarbons can be transported to and transferred throughout the marine environ. 
ment by a variety of physical and chemical processes (Table 3.11). One mechanism for 
transporting both natural and anthropogenic hydrocarbons to the occans is by aimos- 
pheric transport followed by dry or wet deposition. Zimmerman (1979) has shown that 
volatilization of naturally produced hydrocarbons from living and non-living terrestrial 
plants can result in release of substantial quantities of biogenic hydrocarbons (aromatics, 
methane, olefins, paraffins, and terpenes) to the atmosphere where they can then be 
dispersed over the oceans and deposited. Most of these volatiles are relatively 
low molecular weight (<C,,) and would remain soluble after deposition in the oceans. 
Heavier molecular weight hydrocarbons (>C,,) have also been shown to be transported 
atmosphcrically and deposited in the oceans (Simoneit 1977). These insoluble 
compounds may then enter the food chain or be transported by other physical processes 
as discussed below. Hydrocarbons emitted to the atmosphere by industrial processes can 
be similarly transported to the ocean via the atmosphere. The Everglades could 
potentially provide a major input of biogenic hydrocarbons via the atmosphere to the 
Study area. Industrial activity in the Florida Keys could also provide an input of 
hydrocarbons by this pathway. 
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Hydrocarbons could also be transported to the study arca by direct discharge from 
shipping activities, indusinal inputs, and bw rivers and land runoff (alihouch no major 
rivers discharge directly into the study arca. the Charlotte Harbor-Caloosahaichee River 

System 1 just to the north and pro- 
Table 3.11. Potential transpon and transter vides 4 potential source). Of these 
processes of Nydroca‘bons mn direct discharges, shipping activity 


the manne environment probably represents the ercatcst po 
tential hydrocarbon source to the 
PHYSICAL AND CHEMICAL PROCESSES study arca. It has been estimated 
ie that between 67 and 333 million 
vaporaton metric tons of crude oil are shipped 
pecention through the Straits of Florida 
Spreading . 
Advection annually (US. Coast Guard 1976, 
a Reinburg 1984, South Florida 
Proto Auto oudation Regional Planning Councit 198-4). 
Assuming a conservative boss of 
BIOLOGICAL PROCESSES 1M) of the transported of (NRO 
—- IYS5), thes would result in a loss of 
— between 2.200 and 11,1000) metric tons 
orage 
mt crude oil discharged from these 
nelcase ships while in transit annually 


Cul) mt il! 6)! fis on! ms releasod 

into the study aca, but Wf only 1 
were discharged here, it would still represent between 2.2 to TL] meine tons of oi 
released ncar the study arca annually. Certainly this could represent a major pathway 
for hydrocarbon input to this arca. Van Viect ct al. (1983a.b, 1984) have shown that 
most floating tar in this arca originates from tanker operations 


When fresh oil is spilled of discharged into the ocean, a large percentage is rapidly 
transierred away by dissolution and evaporation. These processes are often difficult to 
differentiate due to thew similar thermodynamic propertics, although evaporation often 
occurs orders of magnitude faster and therefore dominates carly losses of oil by these 
processes (NRC 1985). As much as two-thirds of a spill may be lost due to evaporation 
of dissolution within a matter of hours of days. Hydrocarbons dissolved into the water 
are particularly importai.,, due to their known toxicity to biological systems. Residual 
oi that remains after these processes stabilize presents environmental consequences of 
its own (fouling of beaches, uptake by organisms, ctc.). 


Further transport of the remaining spilled oil is largely duc to two processes: 
spreading and advection. Spreading of oil results from a dynamic equilibrium estab. 
lished between the forces of gravity, inertia, friction, viscosity, and surface tension (NRC 
1985). Although small spills of light oil may spread to monolayer thickness, it is 
unlikely that a large crude oil spill will become less than several millimeters to centi- 
meters thick. As the oil spreads, evaporation and dissolution of low molecular weight 
components occur, Icaving the heavicr, more viscous, and non-sprcading Componcnis. 
Once the spreading rate of an oil spill declines, advective processes begin to dominate. 


Advection is due to the influence of overiving winds and/or underlying currents, and 
is responsible for such processes as emulsification, dispersion, and lateral transport 
(NRC 1985). Wind mixing of spilled oil with scawater often results in stable 
water-in-oil emulsions being formed. These are commonly referred to as mousse. 
Although mousse formation depends upon several physico-chemical parameters, these 
emulsions are more commonly formed in spills of heavy crude oils rather than spills of 
light distillates. Once stabilized, these mousse formations are quite resistant to chemical 
or biological degradation. Advection by breaking waves ts often responsible for 
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dispersion of spilled oi into the watcr column, with subscqucnt breaking up of the oil 
spill into smalicr patches. Dispersion also results in the introduction of “particulaic” 
phase oi to organisms living in subsurface waters. Large drops of oi driven down into 
the water column may risc and coalesce with the main slick. Small oil dropicts may be 
entrained in subsurface cddics and become permancaily incorporated into the watcr 
column. 


Advection 1s also responsible for the latcral transport of oil by current and cddy 
sysiems. Transport of dissolved and particulate hydrocarbons in the castern Gulf of 
Mexico has been well documented (Van Vicct ct al. 1983a.b, 1984; Atwood ct al. 
1987a.b). According to Van Vicct ct al. (1984), approximately 10 to SO% of Moating tar 
in the castern Gulf is transported from the Canbbean Sca through the Straits of 
Yucatan by the Yucatan Current. The remaining Moating oil (SO to 9%) originates 
within the Gulf and is transporicd throughout the castern Gulf by the Loop Current 
and then carried out of the Gulf through the Straits of Florida. Currents scem to play 
a major role in influencing the transport of spilled oil to and from the study arca. 


Both dissolved and “particulate” fractions of spilled oil are subject to photo- 
oxidation and/or auto-oxndation. These chemical oxdative processes result in formation 
of polar byproducts such as aldchydes, esters, hydroperoxides, ketones, organic acids, 
phenols, and sulfoxides. Formation of these products results in darkening of the oil, 
increased case of emulsification, increased solubility, and oftentimes increased toxicity 
(NRC 1985). Although photo-oxidation scems to be minor with respect to total mass 
balance considerations, it produces significant changes in the chemical propertics of the 
exposed oil, thereby altering its physico-chemical behavior and transport in the occans. 
Auto-oxidation results from the thermodynamic instability of reduced carbon compounds 
in the presence of free radical reactants. Products formed are similar to those produced 
during photo-oxidation and may therefore play a role in physical and chemical transicr 


processes of the oil. 


The final physical process important in the transport of oil in the occans is 
sedimentation. Various forms of oil in the ocean can be readily sorbed onto settling 
particles and transported vertically through the water column with eventual incorpora- 
tion into bottom sediments. Similarly, floating or dispersed oil globules can adsorb 
particulate material, thereby increasing their density and leading to eventual sedimenta- 
tion. It is unlikely that even weathered oil will sink on its own accord without adsorp- 
tion of more dense particulates. Ficid investigations of actual spills have estimated that 
approximatcly | to 10% of spilled oil is transported to the bottom via sedimentation 
processes. Sedimentation by incorporation into biogenic fecal pelicts (as discussed 
below) is also an important vertical transport mechanism. In the South Florida study 
area, vertical transport of hydrocarbons from the water column to the sediments would 


be expected to proceed primarily by these pathways. 
Biological Processes 


Processes that are important in the biological alteration and transport of hydro- 
carbons in the marine environment are listed in Table 3.11. In general, biological 
processes affecting the distribution of hydrocarbons can be divided into two categorics: 
microbial processes, and other cukaryotic processes (including both invertebrates and 
vertebrates). 


Microbial processes include those carried out by bacteria, yeasts, and fungi. 
Although degradation by yeasts and fungi has been shown to be significant, bacterial 
degradation is probably the most important microbial process on a global scale. 
Biogenic hydrocarbons produced both in marine and terrestrial environments contain a 


Environmental Chemistry: Hydrocarbons 


rather simple suite of compounds that can be degraded relatively casily by bacteria. In 
some cases, terrestrial hydrocarbon inputs are protected by a waxy or polien-type matrix 
and are more resistant to microbial attack. Noncthcless, most of these compounds arc 
non-toxic and can persist in the environment for wecks, months, or ycars. Petrolcum 
hydrocarbons, on the other hand, are comprised of many thousands of compounds that 
differ widely in terms of their biodegradability. Alkanes, alkenes, and simple mono- 
aromatics can be degraded relatively quickly, while tars and resins are virtually imper- 
vious to biological attack (NRC 1985). Between these two extremes, petroleum contains 
a wide range of compounds of intermediate degradability. Generally, microbial degrada- 
tion of n-alkanes is most rapid, followed by simple aromatics, then isoalkanes, cyclo- 
alkanes, and condensed aromatics. Highcr molecular weight (condensed) aromatics, tars, 
and resins may remain undegraded in the environment for decades. The most common 
type of primary metabolic attack by microorganisms is mediated by mixed function 
oxidases (cytochrome P4S0 and rubredoxin) (NRC 1985). This results in the eventual 
loss of hydrocarbon material by the formation and release of short-chain acids and other 
byproducts. In the case of higher molecular weight aromatics, metabolic products 
formed by microbial alteration may be more toxic than their original precursors. 


Higher organisms, including both micro- and macro-vertcbrates and invericbraics, 
affect the transport of hydrocarbons in several different ways (Table 3.11). In the most 
simple case, dissolved hydrocarbons may be adsorbed onto the exterior of an organism 
and transported downwards through the water column aficr an organism dies. Alicrna- 
tively, dissolved and particulate hydrocarbons may be actively taken up either by direct 
ingestion or by uptake with water or foodsiuff. Once ingested, hydrocarbons can be 
stored within the organism, metabolized, or released. If stored (generally in lipid-rich 
tissucs), hydrocarbons can be passed through the food web to other organisms. Upon 
death of the organism, stored hydrocarbons can be transported downwards through the 
water column and deposited in sediments. Hydrocarbons can also be metabolized by 
higher organisms with subsequent storage or release of the metabolic byproducts. Many 
marine vertebrates and invertebrates metabolize hydrocarbons via the cytochrome P45i) 
mixed function oxidase pathway (NRC 1985). 


Perhaps the main mechanism by which higher organisms affect the distribution of 
hydrocarbons in the occans is by transport through the water column by fecal pelicts. 
Forrester (1971) first reported that oil droplets mixed downward into the water column 
were ccaerally of the size range of natural food particles taken up by zooplankton. 
Muck ol taken up by zooplankton and other pelagic organisms ts incorporated into 
fecal pelicis in a relatively unmodified condition, then excreted and transported down. 
wards through the water column where it can become incorporated into sediments or 
acted upon by bacteria. 


Another mechanism of hydrocarbon release is depuration. If an organism has 
accumulated hydrocarbons in a contaminated area. cmoval of the organism to a clean 
area (or removal of the contaminant from the «posed arca) allows the organism to 
release, or depurate, some of the accumulated hydrocarbons from its tissues. Although 
depuration of hydrocarbons accumulaicd under laboratory conditions occurs fairly rapidly 
(i.¢., within a few days), organisms collected from heavily contaminated areas or from 
areas exposed to long-term inputs require much longer time peniods for depuration, 
which even then is incomplete (NRC 1985). 


In the study area, the primary mechanisms by which marine organisms would be 
expected to affect the transport or transfer of hydrocarbons would be by microbial 
degradation or fecal pellet transport. In subtropical sysiems where higher temperatures 
result in higher metabolic rates, degradation of hydrocarbons may procoed more rapidly 
than in temperate or polar regions. Little work has been carried ou‘ in this area. 
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Nonctheless, in the cvent of a major oil spill, the rates of degradation or fecal transport 
would be much slower than the time required for the oil to have a detrimental impact 
on the arca’s biota (Burns and Knap 1989, Jackson ct al. 1989). 


Conclusions 


Investigations of hydrocarbons in sediment, watcr, and biota of the study arca have 
shown that this region is relatively free from petrolcum contamination, with the 
exception of floating and dissolved oil residucs in the Straits of Florida. Certainly the 
Florida Bay portion of the study arca appears relatively pristine. Unlike biota of the 
western and northern Gulf of Mexico, flora and fauna of the Sout?» «st Florida shelf 
have not been exposed to chronic petroleum contamination. The possibility for stress 
from a sudden influx of petroleum hydrocarbons is, therefore, of concern. Of particular 
concern are such unique and ccologically important communitics as coral reefs, man- 
groves, and scagrasses (sce Chapter 15). 


Unfortunately, little is known about the persistence or effects of oi) spills in 
subtropicalAropical cavironments “though the probability of a mayor spill occurring in 
the area may be small, continuvow. . -level inputs may occur if oi and gas development 
and transportation activitics are initiated. Little is krown about how continuous 
low-level inputs can affect an ccological system. Most studics that have been carried 
out have concerned high-level, acute exposures that might be expected from a more 
severe spill. How effects from low-level, chronic inputs would compare with those from 
larger, acute inputs is still largely unknown. Furthermore, few data are available on 
present levels of hydrocarbons in marine organisms from the study arca. More informa- 
tion on these levels would certainly help in evaluating future cffects. 


It is unclear how oil spilled into Florida Bay would be dispersed of transported 
within of away from the study arca. Some information on oil spill trajectorics is 
presented in Chapter 12. However, more detailed physical oceanographic data would 
allow better prediction of the fate of oil spilled in the study arca. 


Another topic with very limited information concerns degradation rates of oil in 
tropical/subtropical environments. Due to higher average temperatures and greater 
incident sunlight, both metabolic degradation and photo-oxidation rates would be 
expected to be enhanced in these arcas. More studies are necessary to substantiate this 
hypothesis. 


Although little of the above information is available for the study arca, studics from 
other subtropical/tropical systems provide useful information for comparison. One oil 
spill that occurred in Panama's coastal waters is particularly revealing. In April 1986, 
an estimated 8 million liters of crude oil leaked from a Panamanian coastal refinery and 
washed ashore along a 10-km (5.4-nmi) stretch of Panama's coastline (Burns and Knap 
1989, Jackson et al. 1989, see also Chapter 1S). It was the largest recorded spill into 
tropical or subtropical waters. Documentation of the spread of oil, its chemical 
transformations, and its biological effects began immediately and is continuing. 
intertidal mangroves, scagrasses, algac. and associated invertebrates were covered with 
oil and died soon after the spill. Most mangroves affected by oil died within three 
months (Rogers 1989a,b); however, dic-off was still occurring after more than a year. 
After three years, oil slicks are still leaching from the dead mangroves. It is estimated 
that replanted mangroves will take more than SO years t) reach the size of those killed 
by the 1986 spill. In addition, there was also an extensive and unexpected mortality of 
shallow subtidal reef corals, which will likely need hunireds of years to fully recover 
(see Chapter 15). This is an example of the type of damage that could occur in the 
Study area. One major difference betwees the Panama spill site and the study arca is 
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that the Panama site had a long history of cavironmental abuse duc to dredging, 
landfilling, pesticide spraying, and refinery discharge (Jackson ct al. 1989). In contrast, 
much of the study arca along Southwest Florida has remained relatively pristine, as 
indicated by the data presented in this chapter. The fact that the Panama spill could 
have such devastating consequences in an area alrcady accustomed to environmental 
degradation suggests that the more pristine Southwest Florida arca could be affected 
even more severely. Therefore, if offshore drilling and shipping activities are further 
developed in this arca, it is important for them to be carried Out with as much concern 


for potential environmental consequences as possible. 
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INTRODUCTION 


To the south of the Florida peninsula lies a unique State and National treasure: 
a subtropical ecosystem of mangrove forests, coral reefs, and seagrass beds. South 
Florida is the only place in North America where this combination of rich natural 
communities Occurs, protecting coastal areas from storms, supporting commercial and 
recreational fisheries, attracting millions of tourists, and providing a vast array of 
recreational Opportunities. 


As a reflection of the importance of South Florida coastal and nearshore habitats, 
the study area includes 60 sites of special concern, including State and National parks, 
aquatic preserves, wildlife refuges, and marine and estuarine sanctuaries (see Chapter 11 
for a con:plete listing). Prominent among these are Everglades National Park, Fort 
Jefferson National Monument, and the Key Largo and Looe Key National Marine 
Sanctuaries. In addition, the entire Florida Keys has been designated by the State as 
Outstanding Florida Waters and as an Area of Critical State Concern. 


South Florida's coastai and nearshore habitats are subject to damage and stress by 
natural events such as hurricanes and cold fronts, as well as human activities associated 
with development in the Florida Keys. The Reef Tract exists at the northern threshold 
for reef development, and it is threatened by sediment influx and nutrient enrichment 
resulting from coastal development. Most mangroves within the study area grow under 
less-than-opiimum conditions and can be classified as stressed. Coastal urbanization 
threatens seagrass and corai reef habitats by removing terrestrial vegetation and 
mangroves, which act as filters that absorb nutrient- and sediment-laden runoff. 
Occasional freshwater releases from canals into Florida Bay can result in severe damage 
tO Seagrass Communities. Recent events such as the massive seagrass die-off in Florida 
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Bay and coral bleaching in the Reef Tract illustrate the fact that the continued health of 
these communities cannet be taken for granted. Any new human activity that might 
affect these communities must be evaluated against this background. 


Regional Distribution of Coastal and Nearshore Communities 


This chapter focuses on mangrove forests, coral reefs, and seagrass beds. Figure 4.1 
shows the general distribution of these communities within the study area. 


Mangrove Forests 


Mangrove forests once covered almost the entire coastline of South Florida, but 
coastal development has greatly reduced their abundance. Extensive mangrove stands 
still exist within the study area from Cape Romano southward around Cape Sable and 
across the northern shore of Florida Bay. Much of this coastline lies within Everglades 
National Park, ad the mangrove forests there are among the most extensive stands 
remaining in Florida. Mangroves also cover many of the low islands and sand spits in 
Florida Bay. Although coastal development has reduced their abundance in the Florida 
Keys, there are still some extensive mangrove areas there. The Marquesas Keys, west of 
Key West, are completely mangrove-covered, and mangroves cover several of the low 
islands in the Dry Tortugas complex. 


Coral Reefs 


Three types of coral communities exist within the study area: (1) bank reefs, 
(2) patch reefs, and (3) live bottom areas. 


Bank reefs occur along the outer edge of the Florida Reef Tract on the Atlantic 
side of the Florida Keys. Carysfort Reef and Molasses Reef off Key Largo and Looe 

Reef off Big Pine Key are good examples of outer or bank reef-type development 
in the Florida Keys. The ida Reef Tract is more or less continuous from Fowey 
Marquesas Keys (Figure 4.1), but reef development is more pronounced 
and Lower Keys. In the Middle Keys area, turbid water flowing in the 
merous, wide channels connecting Florida Bay and the Atlantic retards reef develop- 


nsive patch reef communities have developed. Margot 
Elliott Key and Mosquito Banks off Key Largo are well-known patch 
the Keys and the reefs. Patch reefs occur on the Gulf side 
(northern side) of the Lower Florida Keys as well, but their development in these areas 
is never as extensive as that on the Atlantic side. 


Bank (Fort Jefferson National Monument area) is a complex of 
reefs and sedimentary deposits. Bank, reef-type communities exist along the outer edge, 


Areas of low-relief hard bottom, exposed or covered by a thin sand veneer, are 
widely distributed in the study area. These hard bottom areas, often referred to as “live 
j reef biota, such as stony corals, octocorals, and 
sponges. The Southwest Florida shelf north of the Florida Keys is a complex mosaic of 
hard bottom and soft bottom habitats. Essentially, live bottom may be present at any 
specific location within the area indicated as “potential live bottom habitat" in 
. communities are discussed briefly in the Coral Reefs section of 
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in more detail in Chapter 5. 
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igure 4.1. Generalized distribution of coastal and nearshore communities in and near the study area. 
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Seagrass Beds 


Extensive freshwater drainage and turbidity entering the Gulf of Mexico through 
drainage systems of the Ten Thousand Islands and castern Everglades (Shark River 
Slough) have prevented the development of extensive, nearshore, scagrass beds between 
Cape Romano and Cape Sable. However, south and cast of Cape Sable, nearshore, 
scugrass-bed development is extensive. Florida Bay, a shallow, tnangular lagoon/bay of 
approximately 1,500 km*, is almost completely carpeted with scagrass and macroalgal 
communities. Major seagrass beds also occur on the Atlantic side of the Florida Keys 
shoreward of the outcr barricr reefs. Nearshore seagrass beds occur throughout the 
Florida Keys, in and around the Marquesas Keys, and across the top of the Dry 
Tortugas Bank at Fort Jefferson National Monument. 


Interrelationships among Coastal and Nearshore Communities 


Although the major coastal and nearshore marine communities of South Florida are 
(reated separately in this chapter. these communities are closely interrelated. Encrgy, 
chemical constituents, and fish and motile invericbrate specics are exchanged between 
the coral reef, mangrove, and scagrass communities. Coral reefs provide shelter for 
organisms, such as fish and lobsters, that hunt at night in the seagrass beds. Mangroves 
und seagrass beds intercept nutricnts and sediments entering coastal waters from 
lerrestrial sources, thus helping to maintain the clear water needed for reef develop- 
ment. With their more plentiful supplies of nutrients, mangrove and seagrass com- 
munities also provide nursery areas for juveniles of many reef fish and invertebraics. 
Bank reefs form barriers at the occanic margins, creating sheltered lagoons behind them 
where seagrass beds develop. 


MANGROVE FORESTS 
Samuel C. Snedaker 


Mangrove Species 
"True" Mangroves and Mangrove Associates 


Mangroves are woody, arborescent, halophytic spermatophytes that are adapted to 
saline anacrobic sediments and commonly found along protected intertidal shorelines at 
tropical and subtropical latitudes. Chapman (1976) recognized a worldwide flora of 
about 55 species distributed among 16 genera in 11 families (see Barth 1982 for 
synonyms of the mangroves and mangrove asscciates). The mangrove flora of the 
Western Hemisphere is restricted to nine species distributed among five genera: 
Avicennia bicolor, A. germinans, A. shaueriana, Conocarpus erectus, Laguncularia 
racemosa, Pelliciera racemosa, Rhizophora harrisonii, R. mangle, and R. racemosa. 


Although there are many mangrove species in the world, only a few qualify as “strict 
or true mangroves" for reasons discussed by Snedaker and Lahmann (1988). General 
criteria for distinguishing true mangroves have been outlined by Tomlinson (1986). The 
strict Or true mangroves (1) exhibit compiete fidelity to the mangrove environment. 

(2) comprise a major structural component of the mangrove community and have the 
ability to form pure stands, (3) possess specialized morphological and physiological 
adaptations relating to gas exchange, reproduction and osmotic control, and (4) are 

ally isolated from their terrestrial, or glycophytic, relatives. Based on 
Tomlinson's criteria, there are three true mangrove species in the State of Florida: the 
red mangrove R. mangle (Rhizophoraceac), the black mangrove A. germinans 
(Avicenniaceae), and the white mangrove L. racemosa (Combretaceac). In this regard, 
there is Only one recognized mangrove associate (Conocarpus erectus L., Combretaceac) 
in Florida, although there are a number of tree species, mainly exotics (¢.g., Australian 
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apmomy Ppp yen pe eo can invade 
and dominate disturbed or altered the mangrove environment. 


In addition to the tree flora, there is a relatively large variety of other vascular 
plants such as epiphytes (e.g., bromeliads, orchids), succulent herbs (¢.g., glassworts, 
saltworts), and members of the Graminac (¢.g., Distichlis sp., Juncus sp.) that occur in 
association with the mangrove community under certain specific conditions. For 
example, the halophytic herb flora requires relatively high ambient light exposure and 
infrequent tidal inundation. These ecological requirements tend to limit these halo- 
phytic species to ecotones, inland fringes of the mangrove community, and non- 
mangrove saline flats. However, it should be noted that the mixes of specics also form 
discrete communities that contribute collectively to the overall landscape mosaic of the 
various kinds of tidally-influenced habitats. In this regard, they are integral components 
of coastal wetlands. 


Morphological and Physiological Adaptati 
Mangroves exhibit a number of specialized morphological-physiological adaptations 
that facilitate their existence in an environment that is too harsh or demanding for thc 


vast majority of the world’s higher plant flora (Figure 4.2). The principal adaptations 
rclate to gas exchange, salinity tolerance, reproduction, and metabolic cnergy budgeting. 


Gas Exchange. The natural exchanges of gases into (e.g., uptake of oxygen) and out of 
(e.g., releases of carbon dioxide, methane, hydrogen s ide, etc.) the rhizosphere are 
frequently limited naturally by a low scdiment permeability, high water table, and regular 
tidal inundation. These same factors also create a sediment environment within the 
rhizosphere that can be acidic, hypersaline, and strongly anaerobic, or reducing-- 
conditions that are presumed to cxact a metabolic cost On mangroves cxisting in that 
habitat. Mangrove survival is thus dependent on a number of adaptations pertaining to 
gas cxchange between the rhizosphere and the overlying surface watcr or atmosphere. 


Mangrove prop roots and pneumatophores, and their surface lenticels, represent a 
set of structural adaptations that facilitate uptake of oxygen for root respiration, and the 
corresponding release of the respiratory gas carbon dioxide. In this regard, it is 
interesting to note that L. racemosa does not normally develop acrial roots or a 
conspicuous abundance of lenticels except when growing on strongly reducing, anacrobic 
sediments. Field observations of this species suggest that the absolute density of small 

pncumatophores and large lenticcls may be proportional to the reducing strength of the 
anaerobic sediment. Collectively, the functional importance of gas exchange structures is 
demonstrated whenever mangroves are subjected to sustained periods of higher-than- 
normal water levels. In such situations, gas exchange stops and the flooded mangroves 
enter a phase of respiratory distress which can lead to rapid mortality (Breen and Hill 
1969, Vazquez 1983; Jimenez ct al. 1985Sa.b). As discussed by these authors, the 
ultimate cause of mortality is the cessation of gas exchange. 


Salinity Tolerance. Mangroves exhibit a number of physiological and structural 
adaptations that allow survival in saline environments. In general, these serve to 
preveat excess uptake of salt while enabling uptake of fresh water and auiricats. The 


major adapta 


metabolically-driven accumulation of organic solutes (¢.g., proline and mannitol) within 
the plant (Bernstein 1961; Pannier and Pannier 1977; Mizrachi et al. 1980, Stewart and 
Hanson 1980, Popp and Polania n.d.). Salt excretion occurs directly through specialized 
salt glands on leaves, and by salt entrainment in transpired water, and its subsequent 
release on leaf surfaces (Scholander 1968; Chapman 1976). Some authors have 
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Figure 4.2. Examples of morphological adaptations in mangroves that permit their existence on anaerobic saline and 
saturated sediments in tropical and subtropical intertidal environments (From: Snedaker and Getter 1985). 
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proposed that internal salt concentrations are balanced by salt accumulation and its 
removal in germinating propaguies (Genkel 1963) and senescent leaves. Whereas 
internal salt balances can also be affected by other phenomena such as sali dilution 
through increasing succulicnce (Nobel 1980), interconversion of non-soluble starch and 
soluble sugar (Kluge 1976), and neutralization of salt toxicity by calcium (Dost 1973). 
these alternative compensating mechanisms have not been demonstrated in Mangroves 


Reproduction. Many mangrove species are viviparous in that seeds complete the 
germination phase while still attached to the mother tree (Chapman 1976), such as 
occurs in R. mangle and A. germinans. Germinating propagules also tend to accumulatc 
large reserves of endosperm that can be metabolized at a later time (and thus arc not 
forced to rely wholly on photosynthesis). An adaptive value of this fruiting stratcgy ts 
that the seeds are in effect mature seedlings which can survive for extended periods 
prior to becoming established. As a result, viable seedlings can be widely dispersed by 
tides and currcnts while metabolizing the energy reserves stored in the endosperm. in 
contrast, the smalicr and more numerous fruits of L. racemosa germinate following 
separation from the mother tree. The timing of the annual seed crop coincides with the 
seasonal period of high water and low salinity, generally in late summer and carly fall in 
Florida. It can be argued that this phenological pattern is an evolved characteristic 
which serves to maximize both the dispersal of progeny and their establishment. 


Energy Budgeting. Presumably because of the continuous respiratory demands imposed 
by the intertidal environment, true mangroves are ubiquitously evergreen (Sncdaker and 
Lahmann 1988) and exhibit a continuing pattern of leafing and shedding. This charac- 
teristic among mangroves allows continuous photosynthesis to support the normal 
metabolic processes, as well as to provide metabolic energy for stress compensation and 
maintenance of the specialized adaptations. On an annual time scale, maximum lealing 
and increases in total leaf area occur during the spring period of warming and the 
initiation of summer rains. Coincident with development of the maximum complement 
of leaves, propagule germination is initiated and continues through summer, the 
propagule and seed crops mature in laic summer. Propaguie and seed fall, and the 
shedding of senescent leaves peak in September-October just prior to the winter period 
of reduced metabolic activity in the parent trees. 


Adaptations and Environmental Stresses: Selected Examples 


Because of the suite of specialized adaptations that enable mangroves to thrive in an 
otherwise harsh environment, environmental stresses that affect them either directly or 
indirectly have the ability to induce rapid mortality. In this regard, mangroves are 
particularly sensitive to any external stress which stops or limits rhi gas 
exchange, as for exampie by sustained still water flooding (Lahmann 1 . Similarly, 
acute sedimentation that completely covers the substrate surface has the same effect, 
even though the above-ground gas exchange structures may remain relatively free of 
sediment coating. This phenomenon possibly indicates that a significant portion of the 
gas flux may occur through diffusion and advection at the sediment surface. To date, 
however, no one has attempted to mcasure the partition of gas exchange across the 
sediment surface versus that which occurs through the lenticels and bark. 


Detrimental changes in mangrove vegetation also occur as a result of alterations 
within the rhizosphere when natural (Cintron et al. 1978) or man-made changes Icad to 
hypersalinization, for example, by the cessation of tidal activity or by drainage. 
Although mangroves can survive short periods of hypersalinity, sustained episodes can 
lead to mortality. It is interesting to note that Scholander (1968) suggested that the 
upper salinity tolerance limit in Rhizophora is around 90 ppt, which is within the rangc 
in which calcium carbonate (CaCO,) precipitates. Because CaCO, is a strong pH 
rope hd pe byt tpt Sy ped td At — he 
the of acids that may be present. Thus, the exact cause of mangrove metabolic 
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tailure at 9 ppt and higher ss open to gucstion, nt could be cuther a failure of the salt 
exclusion of salt compensation mechanems, of a change m the MemPrane siructure oF 
TAM physiology as a result of a rapid drop in pi. 


With regard to pH. i is important tw note that mangrove scdiments typically 
exhibit low pH. Therefore. the absolute pH value may be of lesser emportance than thc 
magnitude and rate at which of changes as a result of cxtcrnal forces. For cumple, 
Jramage and suPsogucnt oudation of scdiments wih high concentrations of pyrite 
(FeSO,) result in formation of sullanc acd (H,SO,), which leads w a large and rapid 
drop in pH (Dost 1973). This. however, is not a potential probiem im Seuth Plonds 
because carbonate scdiments have cxiremely low concentrations of troduced mon 


compounds. 
Mangrove Growth Forms 


There ts significant morphological vanation in growth forms of individuals of cab 
species of truce mangroves. In the tichd. these forms may be recognized as normal, 
sMunted, and dwarf, Although normal mangroves cxhitii a vanicty of herght and growth 
hort patterns, they are rcoognized Pw an cxcurreat architecture mcluding a dominant 
terminal lead shoot. In contram. stunted mangroves tend to be abnormal short with 
excessive branching indicative of carl penods of structural damaece of dichack 
Although stunting can be induced from a vanity of stress conditions, sunted Mangnnes 
are Most common at the northern latitudinal limits along the Florida coastlines where 
they are subjected to cold temperatures. Stresses such as frosts and freezes Cause 
varying degrees of top-dving, and patchy to extensive arcas of mortality (Macnac 196d, 
Lot-Helgueras ct al. 1975, Lugo and Paticrson-Zucca 1977). 


Non-lethal cold temperatures tend to kill exposed terminal shoots and highe= 
branches, but Icave the lower branches, trunk, and root sysiem unallected.  Preswmsmy 
this ts duc to the latent heat capacity of sediment and water. Gill and Tomlin. 
(1971) argued that the mortality threshold in R. mangle is defined bw whether of not the 
short-lived (two to three years) reserve meristem is deactivated. That 1s, a freeze which 
kills the last two to three vears of woody growth (possessing the limited reserve 
meristem) as well as the apical meristems presumably renders the tree unable to 
recover. Both L. racemosa and A. germinans, however, have extensive regions of reserve 
of secondary meristem, and thus can rcoover from damaging frosts and freezes. 
However, because A. germinans scems ww be, in general, the more cold tolerant of the 
Florida mangroves, it 1s the single specics whose range extends mw temperate regions 
around the Gulf coast. 


if mortality docs not occur during severe siress cvents (c.g. a freeze oF a period of 
intense desiccation), there is rencwed growth in the following growing scason, which 
results in eventual appearance of tcrminal Icad shoots. Also. if suitable growing 
conditions persist, a normal (i.c., cxcurrent) tree form develops. Repeated damaging 
stress events, however, re-initiate the cycle of dic-back and regrowth, but the recovered 
tree reassumes an cxcurrent growth form aad cventually develops a dominant trunk. 
Thus, stunted mangroves can and do occur over a range of height classes, whereas dwar! 
forms rarely exceed 2 m. 


Although both dwarfing and stunting are belicved to be stress-induced, dwarfing 
seems to be caused by the presence of persisicnt stresses which affect the rhizosphere. 
Although there is no evidence that dwarf mangroves represent a distinct genotype, it is 
recognized that environmentally induced dwarfism has an underlying genctic basis and ts 
probably tnggered by induced physiological changcs. For example, nitrogen metabolism 
Se at ee ee ee oe ee See SS Oe ee 


Senate Gio cxdhats of 6 teal cecil antes ad onus to tua an 1980)). 
3 . the synthesis of a large soluble amino acid pool to maintain an inicrnal 
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osmouc cquililbrum with the cxicrnal cavironment could mitigaic against plant growih 
m the contest of compcung autrogcn pathways. in thes regard. evidence concerning 
whether of not salininty-induced chanecs im autrogen metabolism 1s teversibic, as opposcd 
pod being 2 permancnt cficct, bs open w debate (cf Kylin and Quatrano 1975, Kluge 
1976). 


In thes laticr regard, it is pertinent to note that beginning im the carly 1900s, the 
“duching” of mangroves and marshes throughout Florida was a common mosquito 
control practice used to climinatc mosquito breeding habitats through 4n increased 
frequency of tidal water turnover (Lahmann 1988). In arcas of both stunted and dwar! 

mangroves, communitics of tall, normally-formed (Le.. cxcurrent) mangroves eventually 
dovdlaped cious Ge didtptanndenet Gehan Whereas this is good evidence of the 


forms developed directly from the existing dwarf individuals or from newly 
established propaguics from cither dwarf or non-dwarf parents. 
Dwarf Mangrove Characteristics 


orthotropic. io content, 200-dearf grouth forms ave uniformly excerrest 
they are mature plants. Minimum ages of the presumably oldest trees 
been 


@ Dwarf R. mangle generally retain leaves longer (15 to 17 months) than do 
non-dwarf forms (9 to 14 months) (Pool et al. 1975; Snedaker and Brown 


unpubl. data). 
@ Total above-ground standing stock biomass of dwarf communities 
is one to two orders of lower than communities of non-dwarf 


productivity to non-dwarf mangroves, but are similar in patterns 
of total 24-h respiration (Lugo and Snedaker 1974). 
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Mangrove Habitats 


Mangrove Forest Types 


Under presumed optimal conditions, mangroves form monospecific and mixed- 
species closed canopy forests which at maturity range from several meters to over 40 m 
in height (Golley et al. 1975; Pool et al. 1977); a well-developed forest structure is the 
most ubiquitcus physiognomic expression in most mangrove-dominatcd regions. Under 
less-than-optimum conditions, there is an extraordinarily large variation in mangrove 
Species composition and structural development. The major variations have been 
classified in terms of monospecific zonation along well-defined environmental gradients 
(cf. Snedaker 1982) and as structural forest types (Table 4.1, Figure 4.3) that are 
correlated with broad differences in hydrology and salinity (Lugo and Snedaker 1974). 


The principal mangroves forest types have been shown empirically to be significantiy 
related to characteristic patterns of tidal inundation and exposure to freshwater runoff 
(cf. Pool et al. 1977; Snedaker and Brown 1981; Twilley et al. 1986). Implicit in the 
characterization is the relationship between these hydrological factors and such auto- 
correlates as interstitial sediment salinity, terrigenous nutrient availability, redox poten- 
tial, and metabolic waste (includizg mincral sulfides) removal by periodic flushing (Lugo 
and Snedaker 1974). Within conservative limits, the mangrove forest types are com- 
monly recognized as quasi-predictable expressions of mangrove forest responses to the 
broad characteristics of the environments in which they occur. 


Within the Southeast Florida region, including the Florida Keys, there are five 
recognizable forest types based on the classification scheme of Lugo and Snedaker 
(1974), and summarized in Snedaker (1989). These are the mangrove fringe, overwash, 
basin, dwarf, and hammock forest types. Significant arcas of the riverine forest type are 
not present due to the relative absence of freshwater rivers and their floodplains. The 
hammock forest type (not shown in Figure 4.3) is restricted to extreme southeastern 
Dade County. The mangrove fringe and overwash forests are similar in that these types 
occur On shorelines exposed to opea water, are inundated on all high tides, and tend to 
be dominated by R. mangle. The principal difference is that in the fringe forest, 
incoming and outgoing tides follow the same directional patterns, whereas in the 
overwash forest, high-tide waters pass completely through the forest community. Basin 
forests, in contrast. are located inland from the shoreline, sometimes at slightly higher 
elevations, and are inundated only by the highest of high tides. In these less frequently 
inundated settings, there is a tendency toward a persistently elevated interstitial or pore 
water salinity, a stronger reducing environment within the anaerobic rhizosphere, and an 
in situ accumulation of leaf litter and organic debris. The structure and species com- 
position of the basin forest are highly variable and can range from a fully-stocked 
mixed-species forest to a relatively open forcst dominated by A. germinans. Within the 
Florida Keys, basin forest vegetation is frequently associated with salt ponds (infrequent- 
ly inundated, hypersaline as the rcsuit of high evaporation) and dwarf and stunted trees. 
The principal characteristics of this vegetation pattern are similar to those described for 
mangrove island complexes in the arid parts of the Caribbean (Cintron et al. 1978). 


The iarge expanse of dwarf mangrove vegetation in Southeast Florida occurs 
interspersed with isolated mangrove forest hammocks and is bordered by a frequently 
inundated fringe forest. The more inland area of dwarf mangrove vegetation is sig- 
nificantly inundated only during late summer and early fall periods of high sea level and 
high groundwater tables. During winter and spring, the areas become dessicated and 
saline which presumably contributes to the dwarf nature of the vegetation. Mangrove 
forest hammocks within the dwarf vegetation exist over deep blocks of organic peat 
(Zieman 1972). Organic peat probably contributes to the structural development 


Table 4.1. Mangrove forest-tyne characteristics and associated functions based on the classification system of Lugo and 
Snedaker (1974) (From: Snedaker 1989). Data and comments pertain primarily to Western Hemisphere 
mangrove environments. 


Forest Topographic  Inundation Soil Salinity Forest Mean Stand Complexity Litter Detrital 
Type Type Pattern Range Height* Diameter* Index*§ Productiong Export Form 
(m) (cm)+ Mg/ha/yr 
OVERWASH Low islands Completely Brackish to 6.37 + 0.92 11.12 13.17 ¢ 6.70 9.00 + 0.72** Particulate 
and small overwashed seawater 2.17 + 1.78 (cont inuous ) 
peninsulas oon all high (20-35 ppt) 
tides 
FRINGE Shorelines  Inundated and Brackish to 7.65 + 0.96 8.31 26.44 + 12.50 9.00 + 0.72** Particulate 
with steep flushed by ail seawater 1.546 + 0.84 (cont inuous ) 
elevation high tides (20-35 ppt) 
gradient 
RIVERINE  Floodplains Inundated by Moderate to 12.64 + 1.43 19.37 38.77 + 11.62 12.98 + 1.01 Particulate 
along river most high tides, low salinity 22.76 + 9.91 end some 
drainages flooded during (1-25 ppt) dissolved 
wet season (pulsed) 
BASIN Partially Inundated by few 6rackish to 12.14 + 1.29 10.53 18.41 + 3.06 6.61 +0.70 Mostly 
i high tides during moder itely 4.09 + 2.05 dissolved 
depressions dry season, and hypersaline (pulsed) 
most high tides (20-70 ppt) 
during wet season 
DWARF Topographic Tidally inundated Brackish to 1.044 1.7544 3+ 1.86 + 0.55 Mostly 
flats above only during wet highly 0.08§ dissolved 
mean high season; dry for hypersaline (highly 
water most of year (45-90+ ppt) pulsed) 


* Data from Pool et al. 1977; date expressed as mean and standard error. 
Mean diameter of all trees >2.5 cm computed according to Cintron and Schaeffer-Wovelli (1984). 
Complexity indices computed respectively for trees with diameters >2.5 cm <10 cm and >10 cm. 
q Date from Twilley et al. 1986; data expressed as mean and standard error. 
oe he pee date for overwash and fringe forests are not significantly different and have been grouped into one estimate. 
ingle value. 
No trees with diameters >10 cm. 


IY 


Figure 4.3. Structural and functional variations among mangrove forest types (From: 
Snedaker and Getter 1985). The variations are controlled mainly by 
differences in land elevation, freshwater runoff, and pattern of tidal 
inundation. 
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of the hammock forest by providing a source of nutricnts (through im situ remincral- 
ization of organic maticr), and improved watcr relations as a result of the high 
moisture-holding capacity of the peat block. Because these dwarf forest arcas are only 
scasonally inundated and flushed, much of the mangrove detritus decomposes in situ and 
then is flushed out in the form of fine particulates and dissolved organic carbon to Card 
Sound, Little Card Sound, Barncs Sound, and other smaller sounds and bays along the 
coast during late summer and carly fall. Based on the developing scientific literature on 
dissolved organic carbon in marine systems, Snedaker (1989) suggested that this scasonal 
flush results in an ephemeral food web dominated by microheterotrophs. 


Mangrove Productivity 


Mangrove forests are widely recognized as highly productive, tropical, coastal 
ccosysiems which are associaied with the high secondary productivity of contiguous 
Shallow waters. Recogsition of the high productivity of mangrove forests seems to have 
its Origin in the 19h century in Asia where colonial foresters impiemented sustained- 
yield management plans in such countries as Bangladesh (formerly, Bengal and East 
Pakistan) and Malaysia for the purpose of harvesting mangrove forests for a variety of 
wood products, including paper pulp (cf. Watson 1928; Curtis 1933; Khan 1966). In 
general, these carly management plans represented the first attempts to estimate 
productivity, although the emphasis was on the production, or yield, of wood and wood 
products. In contrast, in the Western Hemisphere, mangroves were considered to be 
little more than botanical curiosities that made land (Davis 1938, 1940), and mangrove 
environments were both officially and subjectively considered to be unsuitable for 
economic use (Gallatin et al. 1958). In this regard, the large areas of dwarf and stunted 
forests in Southeast Florida were once specifically considered to be wastelands (Humm 


1969). 


Golley et al. (1962) conducted the first empirical study that revealed the productive 
nature of mangroves, particularly with respect to the production of ieaf litter, or 
detritus. However, it was not until the studies of Odum (1969, 1971) and Heald (1971) 
that the magnitude of production was established and linked directly to the estuarine 
food web. Their work is credited with establishing the basis for the conservation of 
intertidal mangrove-dominated wetlands because of the role of leaf litter production and 
decomposition in the maintenance of nearshore fisheries (see also Fell et al. 1975; Fell 
and Master 1980). The role of mangroves in secondary production of fisheries has been 
validated for penacid shrimp in Indonesia (Martosubroto and Naamin 1977) and 
throughout the world (Turner 1977). Although there is no longer any major dispute 
concerning the relatively high productivity of mangroves, it is only recently that good 
empirical and comparative data have been obtained. This has subsequently led to 
extensive research on the environmental controls that govern rates of productivity in 
specific environments. 


Environmental Control of Mangrove Productivity 


Much early work on mangroves (see reviews by Walsh 1974; Lugo and Snedaker 
1974; Chapman 1976) focused on descriptive surveys of mangrove species and habitats. 
In general, these surveys revealed that mangrove establishment and perpetuation are 
largely independent of the substrate type; mangroves occur, for example, on clay, silt, 
sand, gravel, shell, coral, and carbonate muds in many types of depositional settings (see 
also Thom 1982). Mangroves also grow over a wide range of pH and Eh (a measure of 
reduction/oxidation potential), and interstitial salinities that range from >0 to 90+ ppt 
over the course of a year. Although mangroves can adapt to a wide variation in 
microhabitat conditions, they cannot establish and survive along exposed coastlines that 
experience strong wave action. Although mangroves, as a group, can occupy and 
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dominate a large variety of subtropical coastal habitats, productivity rates tend to be 
site-specific or region-specific phenomena, largely controlled by the availability of fresh 
water (¢.g., as a salt-dilution factor) and a continuing supply of terrigenous nutrients. 
In a physiological context, lowered interstitial salinities lead to reduced respiration, and 
abundant nutrients tend to stimulate gross primary productivity as suggested above. The 
result is that net primary productivity is increased. 


Pool et al. (1977) made a multipie-site comparison of the structure of mangrove 
forests in Florida, Mexico, Puerto Rico, and Costa Rica in relation to availability of 
fresh water. The results showed that mangrove forest development was greatest (i.c., 
higher species diversity, taller forest height, larger forest basal area) in areas of high 
precipitation and/or freshwater runoff. Implicit in the aspect of freshwater runoff that 
eniers the intertidal zone is the delivery of primary plant nutrients that are derived from 
terrigenous sources. This basic relationship has been confirmed elsewhere, for example, 
in Ecuador (Cintron and Schaeffer-Novelli 1981), India (Blasco 1977), Gambia (Blasco 
1983), and Pakistan (Snedaker 1984). In many of these countries, reductions in 
freshwater inflow due to dams and river diversion projects have been associated with 
decreasing productivity and mangrove mortality. 


The empirical relationship between interstitial sediment salinity and mangrove 
productivity has been fairly well documented. Carter et al. (1973) and Hicks and Burns 
(1975) presented data and discussed the correlation between interstitial salinity (specif- 
ically pore water chiorinity) and respiration, and the general effect on metabolism. In 
addition to the direct influence that salinity has on respiration and therefore on carbon 
metabolism, the overall effect is expressed in the spatial distribution of the mangrove 
species relative to competition and zonation (Lugo et al. 1975; Snedaker 1982). This is 
an important relationship because any factor that alters the spatial and temporal pattern 
of interstitial salinity will induce a corresponding change in both species dominance and 
the spatial organization of individuals in mixed-specics communities. 


Rates of Primary Productivity 


Primary productivity can be divided into two basic parts: gross primary productivity 
(GPP) and net primary productivity (NPP), in which the latter is calculated by taking 
the unit-period value of GPP and subtracting the unit-period value of respiration (R) 
(Newbould 1967; see also Whittaker et al. 1975). In essence, GPP nts the total 
sum of carbon assimilated and fixed during photosynthesis whereas NPP represents that 
residual fraction of the GPP which remains after all metabolic maintenance costs (R) 
have been subtracted. The results are typically expressed as grams carbon fixed per 
square meter per unit time (i.c., g C/m*/d). 


Snedaker and Brown (1982) summarized the available data on GPP, NPP and R, 
and the published rates of mangrove litter production. These data show that mangrove 
communities can exhibit very high rates of primary productivity (e.g, GPP = 13.9 g 
C/m?/d). More importantly, they reveal that the rates of productivity exhibit a relatively 
large spatial variation which reflects the variable characteristics of local environments. 

It should also be noted that GPP, NPP, and R are not intercorrelated with one another, 
due mainly to the fact that different environmental factors regulate the rates of GPP 
and R (see data in Lugo and Snedaker 1974; Snedaker and Brown 1982). For example, 
in a situation in which there is a simultaneous stimulation of GPP due to an abundance 
of inorganic nutrients and an increase in R due to an elevated soil salinity, the positive 
influence tends to balance the negative. In a similar context, the accumulation of 
standing stock biomass is a function of primary productivity, specifically NPP, although 
no satisfactory empirical correlation can be demonstrated between these two parameters 
(see Lugo and Snedaker 1974; Clough and Attiwill 1982; Snedaker and Brown 1982). 
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This very basic metabolic relationship between productivity and respiration has 
practical implications that have not been fully evaluated with respect to mitigating 
severe pollution in mangrove areas. For example, Snedaker (1984) has observed that 
mangroves growing in heavily polluted Karachi Harbor (Pakistan) are remarkably healthy 
as a result of the sewage wastes (and accompanying fresh water) entering the harbor; 
the respiratory stress of pollution is offset by the stimulating effect of nutrients and 
reduced salinity. Research on the artificial fertilization of damaged mangroves is clicarly 
indicated. 


Litter Production 


Litter production represents a variable fraction of NPP, specifically those organic 
tissues and structural components that do not become part of the permanent standing 
stock, but instead are shed in a somewhat predictable pattern (¢.g., leaves, reproductive 
organs, bark, etc.). It is pertinent to note that in contrast to the relatively large 
variation in the rates of GPP and NPP (variation in excess of two orders of magnitudc), 
the rates of litter production tend to be relatively uniform with a variation limited to 
one order of magnitude (Snedaker and Brown 1982). Published data for litter produc- 
tion indicate that the maximum range in mean values (grams dry-weight) is from a low 
of 0.6 to a high of 4.33 g dry wi/m*/d (Bunt 1982; Snedaker and Brown 1982). The 
global average for litter production is close to, or in slight excess of, 2 g dry wi/m*/d. 


The relative uniformity among published rates of litter production indicates that 
there may be a carbon metabolism or an organic production strategy within mangrove 
species that serves to optimize production and maintenance of photosynthetic tissues 
(i.¢., leaves) at the expense of the net accumulation of standing stock biomass in the 
form of woody structures (cf. Snedakes «ed Lahmann 1988). This means that litter 
production is, at best, only partially coriciaied with other parameters that define both 
Organic production and accumulation of standing stock biomass (Lugo and Snedaker 
1974; Snedaker and Brown 1981, 1982). Notwithstanding, some researchers (¢.g., Teas 
1974; Lahmann 1988) argue that litter production uniformly varies proportionately with 
primary productivity, which it may in any site-specific situation. 


In comparison to the reiatively large literature on South Florida mangroves as 

species and communities, and on ecosystem processes and functions, there is a paucity of 
research on the marine fauna associated with, and dependent on mangroves 

(e.g., Odum 1969, 1971; Snedaker and Lugo 1973; citations in Odum et al. 1982; Thayer 
et al. 1987). This is somewhat of a paradox in that the legal protection of mangroves is 
based wholly on the associated marine fauna, particularly the commercial and recrea- 
tionzi fisheries, and incidently a number of rare and endangered species, including 
terrestrial species. The best synthesis to date (Odum et al. 1982) indicates that the 
distribution of the major faunal groups can be correlated with broad habitat types (i.c., 
tidal stream, estuarine bay, and oceanic bay) and diet preferences, and, for certain fish 
communities, with four of the mangrove forest types (basin, riverine, fringe, and 
overwash). 


In addition to the biophysical habitat role of mangroves, this coastal vegetation 
complex contributes directly to the support of nearshore marine life through the 
production and export of organic matter, or detritus, in both particulate and dissolved 
forms. Detritus in the form of particulate organic matter (POM) results when whole 
mangrove leaves (and other small debris) are exported on outgoing tides and decompose 
in the nearshore waters. During the biological decomposition process, microorganisms 
colonize the POM and utilize the plant carbohydrates as an energy source. As a result, 
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the aggregate protein content of the POM increases to a higher nutritional level as a 
result of the increasing microbial biomass. Marine organisms which then consume the 
POM mainly remove and digest the microorganism colonies. The remains of the leaf 
particles then pass through in the feces and are eventually recolonized (Odum 1970). 
Because R. mangle produces most of the whole leaf detritus that is exported, this one 
species of mangrove is given greater legal protection than the other mangrove species 
(Snedaker 1989). 


Dissolved organic matter (DOM) results from the leaching of soluble organic carbon 
from mangrove leaves and other plant surfaces, such as branches and bark, and from the 
decomposition/oxidation of reduced organic matter in sediments. In addition, in sim 
decomposition of detritus in infrequently inundated mangrove habitats (e.g, basin and 
dwarf forests) results in production of significant quantities of DOM and fine particu- 
lates which are exported only at times of high-water inundation. It is only relatively 
recently that reports have been written on the role of mangrove DOM in nearshore 
waters (Cooksey et al. 1975; Camilleri and Ribi 1986; Aiongi 1987); based on these and 
other works, the postulated multiple roles of DOM in Southeast “iwrida nearshore 
waters has been summarized by Snedaker (1989). In this regard, 1\ seems 1*..1 DOM 
represents the largest single source of exported mangrove organic imiitter, © ftv because 
the producing habitats cover a much larger area of Southeast Florida than ‘)* habitats 
(¢.g., fringe and overwash forests) which export whole leaves (POM) on daily «igh tides. 
Also DOM is chemically richer and more diverse than POM which is primarily com- 
posed of carbohydrates. 


Pollutant Fates and Effects 
Introduction 


Coastal water pollution is a generic problem particularly in sheltered intertidal 
areas. In this regard, Hayes and Gundlach (1979) consider tropical mangroves to be 
one of the most sensitive of all coastal ecosystem types. Pollution effects on mangroves 
are varied and include mortality, stunting, reduced seedling survival, morphological 
aberrations, developmental deformations, defoliation, and changes in rate and pattern of 
leaf litter production. However, in some highly polluted coastal areas (¢.g., ports and 
premrny ep cettheny ape boa ebm gy Aeeayiy bay Apne naply 


Suggest that mangroves are relatively resistant to pollution, or that the severity of the 
pollution is overstated. Such observations fail to take into ee eee ot oe 
response may be both and pollutant specific, (2) the effect may be severe on the 


Cryptic components of the ecosystem such as the invertebrate infauna, and (3) certain 
eh ty ee capt pe me he hey fe ge tae 
webs via their incorporation and subsequent transport in leaf detritus. Although 


there is interest in mangrove research and management, the number of 
pollution is extremely limited. For example, in Rollet's (1981) indexed biblio- 
Pehadon mangroves, there are only 12 citations indexed under the heading of 
ution" out of a total of 608 mangrove titles published through 1975. 
Although there are a number of reported instances of mangrove morteny Met con 
be attributed to both pollutants and a variety of other causes ‘‘imenez et al. 1985b), 
reports of sublethal have been mostly anecdotal in nature. In this regard, 


Snedaker and Brown prepared a list of observed “stress symptoms" in mangroves, some 
of which were incorporated earlier in a broad “mangrove stress index" (Getter et al. 
1980) for use in an oil spill assessment. These sublethal stress symptoms are listed in 
Table 4.2 as a general overview of the variety of observable responses that can be 
exhibited in mangroves and mangrove communities subjected to external stresses. 
Because many of these symptoms can be induced by natural stresses, studies incorpora- 
ting “controls” are often necessary to relate specific causes with any observed effects. 
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Table 4.2. Stress symptoms in mangroves. 


Aerial Root Structures Reproductive Structures 
Proiferaton of undersized prop roots Change in timing of flowenng and fruit set 
Seen OS Conia & caeinneee Absent of grossly excesumve flowerng 
" oe Deformed seeds and propeguies 

Death of prop root tips 
Abnormal serial branching of prop root tips Developmental failure of trud 
Fissuring or peeling of penderm Aborbon of flowers or immature frud 
Trunks and Branches 
Top-dying of uppermost and outermost sun Regeneration 
Fissuring and cracking of bark Failure in geotropic onentabon in propagules 

and/or more numerous lenticeis Failure of seeds and propaguies to establish 
Cessation of terminal shoot growth Failure to initiate primary branching 
Eee © CUES Gyrees Cem ensenday Abnormal growth forms in established seedlings 

Chiorosis or necrosis of propagules 


Effects of hcavy metals and synthetic organic compounds are discussed below. 
Effects of oil spills are reviewed and discussed in Chapter 15. 


Heavy Metals 


Research on the fate and effects of heavy metals in the mangrove environment 
consists of several controlicd laboratory experiments and a limited number of ficld 
surveys. In Florida, the laboratory research focused on metal uptake and accumulation 
cxperiments using young-of-thc-year propagules and/or sccdlings of two specics of 

and one specics of Avicennia. Walsh ct al. (1979) experimented with Florida 
R. mangle seedlings, using the metals cadmium, lead, and mercury. In a similarly 
designed iment in Malaysia, Thomas and Ong (1981) used secdlings of the Asian 
mangroves K. mucronata and A. alba exposed to treatments of Icad and zinc. Lead and 
zinc were not significantly absorbed or translocated whercas cadmium and mercury were 
transiocated to the hypocotyls and Icaves, but were apparently detoxified. Neither group 
of researchers investigatcd the role of substrate chemistry and biological activity in the 
enhancement or reduction in the uptake of metals. For cxamplc, uptake can be 
enhanced by chelation with an organic ligand, by biologically-mediated methylation, or as 
the result of increased solubility as a chloride. Conversely. uptake can be inhibited for 
those meials that are sequcsicred as a sulfide or which are complexed with soil humates. 
In the latter exam sediment is only a temporary sink which can be reversed by 
changes in Eh, pH, and salinity--events which pcriodically take place in the mangrove 
environment (Lu and Chen 1977; Harbison 1984). Sccondly, although the uptakc 
phenomenon may not result in the manifestation of acute cffects on mangroves, as 
illustrated by the Florida and Malaysian cxperimental rescarch, it docs demonstrate the 
biological concentration of metals in those tissues destined to enicr detrital food webs 
(DeLaune et al. 1981). In any event, it is difficult to extrapolate the experimen'*! 
findings to reproductively mature adult plants because developing sccdlings are, | 
nourished by endosperm reserves whereas mature plants rely entirely on photo: 
and the external environment for watcr and nutricnis. 
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ground concentrations (Carter ct al. 1973, Tripp and Harriss 1975, Snedaker and 
Stanford 1976; Peterson et al. 1979, Snedaker and Brown 1981; Thomas and Ong 1981; 
Harbison 1986). For cxampic, Sncdaker and Brown (1981) reported the following 
concentration factors for leaves of mature mangroves in Southeast Florida: 
5-6x, copper 1-2x, iron 2-3x, lead 4-Sx, manganese 3-4x, nickel 4-Sx, and zinc I-2x In 
this specific regard, Peterson ci al. (1979) proposed the use of mangroves for biogeo- 
chemical prospecting for tin (and copper, iron, and zinc) because of the relatively high 
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toxicity (Walsh ct al. 1979) could be associated with one or more following 
(1) detoxification within the plant by chelation in the cell wall (Antonovics 
et al. 1971), (2) the ion-exclusion mechanism described in by 


on metals, the is based on several laboratory experiments using 
and of and Avicennia, and on surveys in the mangrove 

In there is one field experiment using herbicides, but 

results are in partial conflict with the studies. Research in this area is 
limited to of two groups of biocides (herbicides and insecticides) and onc 


to herbicides was first investigated by Truman (1961) in 
Avicennia marina, and 2,4-D and 2,4,5-T. Truman found A. marina 
be highly sensitive to small concentrations of these auxin-type herbicides, a 
confirmed during the Vietnam War when large areas of mangroves were defoliated and 
killed (see Tschirley 1969, Orians and Pfeiffer 1970, National Academy of Sciences 


Walsh et al. (1973) conducted R. mangle 18.2 to 26.5 
om ub ued Gn poet whe — sspaay “Teedon 101R 
White" used in Vietnam) which is a mixture of 2,4-D and picioram. 


The experiments indicated that R. mangle seedlings sensitive 
threshold) than other tropical tree More importantly, they 
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introduction 


Coral reefs are recognized for their beauty and exceptional variety of life. In reef 
communities, like forest communities on land, the dominant organisms provide other 
members of the community with food and shelter. The massive and intricate frame- 
works constructed by reef-building organisms provide an almost infinite array of habitats 
for other plants and animals, leading to iutense biologic activity and high biotic 
diversity. 


Geographic Relationshi 


The coral reefs of the Florida Keys occur at an environmental threshold (Vaughan 
1918): they are restricted to south and west of Cape Florida and do not occur on the 
West Florida shelf (Jaap 1984). Extensive reefs occur offshore of the Florida Keys 
archipelago (Figure 4.4). This chain of islands, which extends from Soldier Key to the 
Dry Tortugas, exhibits a diverse array of hardgrounds, patch reefs, and bank reefs from 
25 m to 13 km (7 nami) offshore (Jaap 1984). Coral reefs also extend into the Gulf of 
Mexico from Key West and Smith Shoal to the Content Keys. West and north of the 


(1984), and Jaap and Hallock (in press). Walton et al. (1985) modeled the water 


column dynamics off Key Largo. Lee (1989) summarized the physical oceanography in 
the Straits of Florida and castern Gulf of Mexico. 
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Figure 4.4. Major reefs of the Florida Reef Tract 
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Clear watcrs are crucial to reef-building corals because their microscopic symbiotic 
algae (zooxanthellac) require sunlight. The clearer the watcr. the deeper corals can live 
(Wells 1956, 1957). Water transparency over Florida reefs can vary considerably, from 
nearly Opaque following storms, to exceptional clarity during prolonged calm (Jaap 
1984). Plankton, suspended organic matter, and suspended sediments all diminish water 
transparency. Corals derive nuiricnts from symbiotic dinoflagellate algae (zooxanthellac) 
that require light. Thus, growth raics of coral and other recf organisms dependent upon 
photosynthesis decline as light decreases with depth (summarized by Huston 1985a) or 
reduced water transparency (Tomascik and Sander 1985). Kanwisher and Wainwright 
(1967) estimated that zooxanthellatc corals require a minimum of about 4% of surtace 
radiation for reef development. These corals need at Icast 0.15% for survival (Reed 
1985). Data on water transparency in the Florida Keys area (Hanson and Poindexter 
1972, summarized by Jaap 1984) are consistent with the observation that reef growth in 
the Keys normally occurs to depths of about 35 to 40 m (Jameson 1981). 


Literature Review 


Ecologic studies of Florida Kevs coral reefs began during the late 19th century 
(Agassiz 1883; Maver 1914; Vaughan 1915, 1918; Longley and Hildebrand 1941). Since 
the Carncgie Laboratory (on Loggerhead Key, Dry Tortugas) burned in 1937, laboratory 
facilities in the Florida Keys have been lacking until quite recently. Thus, our under- 
standing of Florida corals and reefs relies heavily upon studies from other Caribbean 
and western Atlantic areas. 


Tropical coral reets are characterized by high species diversity (Loya 1972; Connell 
1978; Huston 1985b); rapid recycling of nitrogen and phosphorus (Pilson and Betzer 
1973; Webb et al. 1975; Muscatine 1980; Johannes et al. 1983); high gross primary 
productivity and low net primary productivity resulting from high respiration rates 
(Lewis 1977; Atkinson and Grigg 1984; Gladfelter 1985; Kinsey 1985); highly transparent 
water (Wells 1957; Yonge 1963; Wethey and Porter 1976); many species with specialized 
food requirements, narrow niches, and complex life cycles (Ebbs 1966; Colin 1976; 
Kissling and Taylor 1977); symbiotic relationships (Limbaugh 1961; Goreau and 
Hartman 1966; Meyer et al. 1983); and primary productivity by microscopic symbiotic 
algae (zooxanthellae) living within reef-dwelling Cnidaria (Goreau and Goreau 1960, 
Chalker 1983; Porter et al. 1984). 


Because this section can only highlight certain aspects of the Florida Keys coral 
reefs, the following brief bibliography is provided. Geological background is presented 
by Hoffmeister (1974) and Shinn (1984, 1988) (the geology of the Florida Keys is 
discussed in Chapter 2). Synoptic overviews of South Florida coral reefs are found in 
Multer (1971), Bright et al. (1981), Jaap (1984), Jones et al. (1986), Porter (1987), Voss 
(1988), and Shinn et al. (1989). General guides to western Atlantic coral reefs include 
those by Colin (1978) and Kaplan (1982). The four volumes of Biology and Geology of 
Coral Reefs (Jones and Endean 1973-1977) cover a wide spectrum of reef science, as do 
the Proceedings of the International Coral Reef Symposia (Mukudan and Pillai 1972; 
Cameron et al. 1974; Taylor 1977; Gomez et al. 1981; Delesalle et al. 1985; Choat et al. 
1988). Deep reef surveys off Key Largo are presented by Jameson (1981). The three 
volume series by Wells (1988) summarizes reef resources and management issues for 109 
countries including the U.S. Marine invertebrates inhabiting Florida reefs are identificd 
in Zeiller (1974) and Voss (1976). Field guides to coral reef fish are provided by 
Chaplin and Scott (1972), Greenberg (1977), and Stokes and Stokes (1980). A diver’s 
guide to the Florida Keys by Halas et al. (1984) contributes practical information on 
reef diving sites. 
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Coral Biology 
Taxonomy and Life Histories 


Reef corals belong to two classes of the Phylum Cnidaria (Coelenterata): Hydrozoa 
and Anthozoa. Most reef-dwelling members of both classes host zooxanthellae, 
endosymbiotic dinoflagellate algae of the genus Symbiodinium (Blank and Trench 1985) 
and are therefore dependent upon ample light for photosynthesis. In the Florida Keys, 
Millepora (fire coral) is the only hydrozoan coral on shallow reefs (<30 m); Stylaster and 

fa occur in deep reef habitats. Anthozoans include octocorals and stony 
corals (discussed below), as well as zoanthids, corallimorpharians (false corals), and 
anemones. Most reef corals are colonial organisms, each made up of thousands of 
genetically identical members or polyps. 


Fire Corals. Two species of fire corals occur on Florida reefs. Millepora complanata, 
the bladed fire coral, is a keel-shaped species restricted to shallow windward reef tops. 


Mergner (1977) found that this species is restricted to turbulent and highly illuminated 
reef habitats. Crenulated fire coral (M. alcicornis) is a branching species found in a 
much wider range of reef habitats. The name “fire” coral comes from the burning 
sensation inflicted by nematocysts (microscopic stinging organs) within the organism's 
tissues. The animal secretes a limestone skcleton with microscopic pores in which the 
individuals (zooids) live. A porous skeleton contains tissues with dense concentrations 
of zooxanthellae that provide most of the energy needed by the colony. The golden- 
yellow color of the fire coral comes from these microscopic algae. 


QOctocorals. Octocorals, which include sea whips. sea plumes, sea fans, gorgonians, and 
soft corals, are a conspicuous and diverse faunal clement on most Florida Keys reefs; 42 
species have been recorded (Jaap 1984). Octocorals, which have polyps bearing eight 
tentacles, vary in form from irregular mats to large sea fans; polyps are distributed along 
the branches, fan surfaces, or mats. Organic skcletons are commonly reinforced by cal- 
careous spicules, which are secreted by the polyps. Taxonomy of octocorals is based 
upon the microscopic morphology of the spicules (Baver 1961). After death and organic 
decay of a colony, the spicules become part of the sand-sized sediments of the reef. 


Life histories of most octocoral species are poorly known. One species, Pleraura 
homomalla, has been intensively studied in the Cayman Islands (Kinzie 1974). Colonies 
become sexually mature at 25 to 35 mm in height. Male individuals release sperm into 
the water, and fertilization occurs within the female polyps. Larvae spend a brief time 
in the plankton before settling on appropriate substrata and starting new colonies. 
Growth rates vary from 10 to 40 min/year. 


Octocorals are extremely abundant in some Florida reef habitats, occurring in 
densities up to 50 colonies/m? (Opresko 1973; Wheaton and Jaap 1988). Many 
octocoral species inhabit shallow patch reef and bank reef habitats in areas with 
substantial turbulence and high light intensities. Highest rates of mortality occur during 
larval and juvenile life stages. Mortality is also high among adult colonies dislodged by 
storms. Invertebrate predators include the snails Cyphoma gibbosum and Coralliophila 
caribaea and the fire worm Hermodice carunculata. Black band disease is a pathogen in 
some octocorals (Feingold 1988). 


. The Scleractinia, or stony corals, include common reef-building species. 
Sixty-three taxa (species and subspecies or forma), living at depths of <1 to 45 m, have 
been recognized in the Florida Keys (Table 4.3). Taxonomy is based on external 
skeletal morphology and calyx characteristics (Vaughan and Wells 1943; Wells 1956; 
Ziatarski and Estalella 1982). Growth forms include branching, hemisphencal, plates, 
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Table 4.3. Scleractinian corals of the Florida Reef Tract. 


Suborder Astrocoeniina Vaughan and Wells § Suborder Faviina (Continued) 


Family Astrocoeniidae Kot Family Rhizanglidae d'Orbigny 
michelimi (Milne Edwards Astrangia astreitormis (Milne Edwards 
and Haime) and Haime) 
Famity Pocilloporidae A. solitaria (LeSueur) 
Madracis decactis (Lyman) Phyllangia americana Milne Edwards 
M. formosa Welis and Haime 
M. mirabilis (sensu Wells) 
Famity Oculinidae 
Family Acroporidae Verriil ae ain tame 
A paimata (Lamarck) O. varicosa LeSueur 
ry pe ey O. robusta Pourtales 


Family Meandrinidae Gray 

Meandrina meandrites (Linne) 

M. meandrites brasiliensis (Milne Edwards 
‘ and Haime) 
a oo, —, — Dichocoenia stellaris Milne Edwards and Haime 
A egance = : Ww. a Haime D. stokesii Milne Edwards and Haime 


A. purpurea (LeSueur) Dendrogyra cylindrus Ehrenberg 
A. lamarcki Milne Edwards and Haime 

A. undata (Ellis and Solander) Family Mussidae Ortman 

A. fragilis (Dana) Mussa angulosa (Pallas) 


Leptoseris cucullata (Ellis and Solander) Scolymia lacera (Pallas) 


S. cubensis (Milne Edwards and Haime) 


Family Siderastreidae Vaughan and Wells ia sinuosa (Ellis and 
yy (maton vor 

( Selander) Isophyllastraea rigida (Dane) 
Family Poritidee Gray Mycetophyllia lamarckiana Milne Edwards 
Porites astreoides (Lamarck) and Haime 
P. porites (Pallas) M. danaana Milne Edwards and Haime 
P. porites divaricata LeSueur M. ferox Welis 
P. porites furcata Lamarck M. aliciae Wells 
P. porites clavaria Lamarck 
P. brannen Rathbun 


Suborder Faviina Vaughan and Wells 


Family Faviidae Gregory 
Favia fragum (Esper) 
F. A ser (Verrilf) 


°. Coty oyna} 
O. strigosa (Dana) . 


Suborder Caryophyiliina Vaughan and 
Wells 


Family Caryophylliidae Gray 
Eusmilia fastigiata (Pallas) 
Paracyathus pulchelius (Philippi) 


Suborder Dendrophyliliina Vaughan and 
Wells 
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columns, encrusting, and fronds. Stony coral generation times vary greatly, ranging from 

a few years in small, finger corals to hundreds of years in massive star and brain corals. 
In these larger corals, multiple gencrations of polyps coexist. Sexual maturity seems to 

depend upon both size and age of a colony. Large, sexually mature colonies, if broken 

into small fragments, cease gamete production until they grow to a minimum size ( Kojis 
and Quinn 1984; Szmant-Froelich 1985). 


Among stony coral species, internal fertilization, external fertilization, broadcasting 
of gametes, and larval brooding all have been reported (Fadlallah 1983). After fertiliza- 
tion and embryonic development, free-living planula larvae are formed, which can be 
either planktonic or benthic. After periods that vary from species to species and also 
with environmental conditions, the larvae settle and metamorphose into juvenile corals. 
A larva attaches itself to the substratum by secreting a basal plate, the initial skelctal 
structure. Walls and axial structures are secreted next (Wells 1956). Growth involves a 
harmonious integrated increase in coral tissue, zooxanthellae, and skeieton (Barnes 
1973). When the larva is fully transformed into a polyp, growth proceeds with the 
budding of daughter polyps by asexual division. 


Growth rates of Florida's rcef-building corals have not been studied extensively (c.¢., 
Landon 1975). Almost all growth rate evaluations focus on a very few species (Acropora 
cervicomnis, Diploria strigosa, and Montastraea annularis). Growth rates of the 40 or 
more other species are poorly known. X-ray photographs of M. annu/ans reveal annual 
growth rings which can be used to determine growth and environmental conditions 
(Hudson et al. 1976; Hudson 1981). Growth rate in this massive, head-forming specics 
is relatively slow; growth rates averaged 8.2 mm/year on nearshore patch reefs, and 6.3 
mm/year in offshore waters deeper than 6 m. Maximum growth rates of <11 mm/year 
occurred in waters <3 m deep. For other head corals, Ghiold and Enos (1982) found 
that the brain coral D. /abyrinthiformis in the Key Largo area grow at a rate of about 
3.5 mm/year and Landon (1975) reported a growth rate of 2.4 mm/year for Siderastrea 
siderea. Thus, head corals grow so slowly that 1-m-high heads are approximately 100 
years old (Shinn et al. 1989). In contrast, growth rates of the branching coral 
A. cervicomis (staghorn coral) can cxcced 100 mm/year (Shinn 1966). Shinn (1976) 
found that branches form annually during winter months, and that cach branch may 
grow as much as 10 cm during the following year. However, because branching corals 
do not produce the dense accumulations of limestone, apparent differences in growth 
rate are primarily the result of growth form and geometry. Other available growth data 
include Porites porites at Sambo Reef, 16 mm/year (Landon 1975); Dendrogyra cylindrus 
at Elliott Key, 5 mm/year (Hudson unpubl. data as reported by Shinn et al. 1989); and 
Solenastrea bournoni, 8.9 mm/year (Hudson et al. 1989). 


Productivity and Calcification 


Healthy, well-developed reefs thrive in clear, nutrient-depleted waters (Birkeland 
1987). The symbiotic relationship between corals and their zooxanthellae allows 
efficient recycling of nutrients between host and symbiont (Muscatine and Porter 1977), 
providing corals with a competitive advantage over algae and animals lacking symbionts 
when nutrients are scarce (Hallock 1981). More abundant nutrients stimulate benthic 
algal growth; overgrowth by benthic algae is harmful to living corals (e.g., Smith et al. 
1981) and inhibits coral recruitment (Birkeland 1977). Abundant nutrients also enhance 
plankton growth, which diminishes water transparency. The fewer nutrients in seawater, 
the clearer it is and the deeper corals can live. Furthermore, increased plankton 
abundances favor larval survival, recruitment, and growth of coral predators, competitors, 
and bioeroders (Hallock and Schlager 1986). 
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Nutrient levels in surface waters of the Florida Reef Tract can vary from barely 
detectable to more than | 4M inorganic phosphorus and 3 4M inorganic fixed nitrogen 
(Skinner and Corcoran 1989). There is disagreement over which nutrient, fixed nitrogen 
or phosphate, limits coral growth (Gladfclicr 1985). In Skinner and Corcoran’s data, 
the lowest nitrogen values are often accompanied by relatively high phosphate levels and 
vice versa, indicating that cither may be limiting under certain circumstances. Studics at 
Looe Key showed that ambient phosphate and nitrate in the reef arcas ranged from 0.1 
to 0.2 4M and 0.5 w 1.0 uM, respectively (Littler et al. 1986). Unusual upwelling 
events during late spring and carly summer stratify the water column with respect to 
nutrients and temperature at Looe Key and clevate phosphate and nitrate concentrations 
in the water column (Lapointe and Smith 1987). Crossland (1983) noted that sub- 
tropical sea-surface waters typically contain <0.3 4M inorganic phosphorus and <! uM 
inorganic fixed nitrogen. 


Thus, while nutrient concentrations in the waters of the Florida Reef Tract are 
similar to those typical of subtropical waters, Florida waters are prone to nutricnt pulses 
that can be detrimental to reef growth (Margalef 1968). Hallock (1988) suggested that 
the near-threshold position of the Florida Keys reefs is as much a factor of excess 
nutricnis as of winter temperatures. As human populations have increased in South 
Florida. nutrient loading has inevitably increased in waters of the Florida Reef Tract. 
Both Voss (1973) and Dustan (1977a), in non-technical papers, suggested that sewage 
pollution was damaging the reefs of the Florida Keys. The classic study of how nutricnit 
pollution can damage a coral reef was reported by Smith ect al. (1981) for Kancohe Bay, 
Hawaii. Tomascik and Sander (1985) reported similar decline of Barbados reefs as a 
result of sewage pollution. Shinn (1988) identified excess nutrients as the most 
probable underlying cause of the scrious decline in living corals in recent vears. 
Following Lapointe and O'Connell's (1988) report that use of septic tanks and shallow 
injection wells in the porous limestones of the Florida Keys is accelerating cutrophica- 
tion of surface waters, a workshop on coral reef research and management in the 
Florida Keys in June 1988 concluded that excessive nutrients from nearby land masses 
and Florida Bay are scriously threatening the Florida Reef Tract (Miller 1988). 


Although corals are animals, they function as primary producers in the reef system 
via their zooxanthellae. Most corals are also highly specialized predators (Yonge 1930) 
and capture zooplankton from the water column. Some specics ingest bacteria from 
scawater (Di Salvo 1971); some can feed on dissolved organics in scawater (Stephens 
1962); and some feed on detritus (Gorcau and Goreau 1960). Many species even digest 
the tissues of other coral specics using mesenicrial filaments (Lang 1971, 1973), 
although this is primarily a form of competition, not predation. Despite the varicty of 
sources, direct feeding may supply <10% of the corals’ energy needs (Muscatine and 
Porter 1977). In such cases, most energy comes from photosynthesis by zooxanthcllac 
(Kanwisher and Wainwright 1967; Lewis 1977; Gladfclicr 1983, 1985; Chalker ct al. 
1984; Kinsey 1985). Zooxanthellac, in turn, get nutrients from metabolic waste products 
of the coral host as well as from seawater or detritus. Thus, the coral-symbiont systcm 
is specialized to concentrate scarce and dispersed nutrients from a varicty of sources and 
to use them for maintenance, growth, and reproduction. 


Photosynthesis by zooxanthellae also promotes production of skeletal limestones that 
make up the reef framework (Kawaguti and Sakumoto 1948; Gorcau 1959). Zooxan- 
thellae provide coral with energy for calcification. Reef corals calcify at significantly 
higher rates in light than in dark, and carbon produced by the zooxanthellae ts trans- 
located to growth areas which lack zooxanthellac (Goreau and Goreau 1959a,b). 
Calcium ion transport is enhanced by the enzyme carbonic anhydrase, which requires 
expenditure of energy (Isa and Yamazato 1984). Growth in branching Acropora spp. is 
the integration of three processes: (1) linear extension of an axial corallite at the branch 
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tip: (2) radial growth or increase in diameter of the branch; and (3) internal calcification 
or infilling of space within a branch (Gladfclicr 1982). The first phase occurs in the 
dark. the other phascs occur in the light and at ratcs two to three times greaicr than 
the first phase (Barnes and Crossland 1980). Mass calcium accretion is correlated with 
number of sun hours (Gladfclicr 1984). Coral growth is independent of plankton supply 
and is significantly reduced by shade (Wellington 1982). Zooxanthellae may also 

prevent phosphate poisoning of coral calcification by removing phosphatic wasics and 
any phosphates in the microenvironment, phosphate inhibits precipitation of aragoniic 
crystals (Simkiss 1964; Mucci 1986), the skeletal building blocks of corals. 


Complex biological interactions are particularly characteristic of coral reef com- 
munitics. In addition to such common processes as grazing and predation, typical 
interactions on coral reefs include disease, bioerosion, competition, chemical “warfare,” 
and symbioses. 


A variety of discase pathogens may injure or kill corals (Antonius 1974, 1976, 
1981a,b; Mitchell and Chet 1975; Ducklow and Mitchell 1979) and other reef-associated 
organisms. Shinn (1988) has argued that, in the Florida Keys, destruction by diseases is 
far more devastating and long lasting than mechanical damage. Shinn contends that the 
disease Outbreaks may be associated with nutrient loading and other anthropogenic and 
natural stresses. 


The most common coral pathogen is “black band" disease (Phormidium 
Cyanobacterium: Oscillatoriaceae), which was originally described by Antonius (1974) 
and subsequently studied by Dustan (1977b), Ritzer and Santavy (1983), Ritzier et al. 
(1983), and Taylor (1983). The cyanobacterium often invades massive corals following 
structural damage to tissues. This disease killed many large, old colonies of Montasrraea 
annularis at Carysfort Reef between 1978 and 1985, and is now rampant at Looe Key 
Reef (Shinn et al. 1989). Other coral pathogens include bacterial infections such as 
“white band” disease (Peters et al. 1983; Peters 1984) and fungi (Ramos 1983; Jaap 1985; 
Te Strake et al. 1988). Neoplasms (calicoblastic epithelioma) were found in populations 
of elkhorn coral (Acropora palmata) at Carysfort Reef and Grecian Rocks (Peters et al. 
1986). Overcrowding may increase incidence of disease (Gladfelter 1982; Peters ct al. 
1983). Entociadia, a microaiga, infects the octocoral Pseudoplexaura, producing galls 
that weaken the skeletal structure (Goldberg et al. 1985). An epidemic bacterial disease 
decimated black sea urchin (Diadema antillarum) populations throughout the Caribbean 
and Florida Keys during 1983 to 1984 (Bak et al. 1984; Lessios et al. 1984a,b; Baucr 
and Agerter 1987). 


Florida reefs, which exist at the climatic threshold for western Atlantic reef 
environments, also live a marginal existence in the interplay between limestone produc- 
tion by corals and coralline algae, and destruction by biological and physical processes. 
Some organisms chemically or mechanically break down reef limestone, a process known 
as bioerosion (Neumann 1966). Bioeroders include such diverse groups as parrotfish 
that bite off bits of coral and coralline algae, Diadema echinoids that erode the 
limestone as they graze algac, and boring organisms such as endolithic bivalves, clionid 
sponges, a variety of polychaete and sipunculid worms (Bromicy 1978; Risk and 
MacGeachy 1978), and microorganisms (Golubic et al. 1975). Bioeroders sculpt recf 
morphology, holes and spaces for a diverse array of organisms (Warme 1975). 
Many of these organisms, particularly the sponges, echinoids, and bivalves, are capable 
of erosion rates that equal or exceed rates of reef growth (Bromley 1978; Risk and 
MacGeachy 1978; James and Macintyre 1985). In a healthy reef system, abundances of 
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biocroders and other fauna are apparently limited by the normally scarce food supplies, 
but where nutrients and food are more readily available, their abundances increase 
sharply (c.g., Smith et al. 1981; Rose and Risk 1985). Hein and Risk (1975) reported 
that, in mature coral heads in the Florida Keys, rate of bioerosion approximately equals 
the rate of skeletogenesis. Hudson (1977) estimated that rates of bioerosion in dead 
M. annularis heads were sufficient to reduce a solid, 1-m-high head to rubble in 150 
years. 


Competitive interactions include overgrowth of understory species by species with 
rapid growth rates (e.g., the stony coral Acropora cervicornis) (Shinn 1976; Jaap et al. 
1989). Birkeland (1977) demonstrated experimentally that coral recruitment is inversely 
relaicd to nutrient supply, when nutrients are plentiful, filamentous algae, barnacles and 
Dryozoans Outcompete coral larvae for space. Some bryozoa can overgrow other sessile 
reef organisms (Buss 1980). Under iow light conditions, sponges are very successful 
competitors for space (Bryan 1973; Vicente 1978; Jackson and Winston 1982). Fire 
corals are successful in colonizing living ociocoral branches (Whale 1980). Scleractinian 
corals expand and defend territory by digestion of adjacent coral tissues through use of 
mesenicrial filaments (Lang 1971, 1973). Other coral species tefend themselves from 
such attack with specialized sweeper tcntacles (den Hartog 1977; Richardson ct al. 1979; 
Wellington 1980, Bak et al. 1982; Chornesky and Williams 1983). Aliclopathy, or 
chemical defense and offense, is another mechanism used by some organisms. particuiar- 
ly octocorals, to prevent overgrowth and gain living space (Camerun 1974; Glynn 1980, 
Bak et al. 1981; Tursch 1982; Sullivan ct al. 1983). 


Grazing organisms also play important roles in coral reef communities. For 
example, damselfish (Pomacentrus planifrons) dcstroy coral tissue and farm algae on dead 
coral (Kaufman 1977; Brawley and Adcy 1981; De Ruytor 1984). Black sea urchins 
grazc algae from the reef, as well as from areas adjacent to the reef (Sammarco et al. 
1974; Bak and Van Eys 1975; Ogden and Lobel 1978), providing settlement habitat for 
coral larvae by exposing clean limestone substrate (Sammarco 1980). 


Coral predators are also numerous and diverse. The marine worm Hermodice 
carunculata feeds on numerous coral species, including staghorn coral (Marsden 1960, 
1962; Glynn 1962; Ebbs 1966; Antonius 1974; Lizama and Blanquet 1975). Gastropod 
molluscs known to fecd on corals include Corailiophila abbreviata, Calliostoma 
javanicum, and Cyphoma gibbosum (Glynn 1964, 1973; Robertson 1970; Ott and Lewis 
1972). Fish that feed on corals include parrotfish (Scaridae), spadefish (Ephippidac), 
damselfish (Pomacentridac), and butterflyfish (Chaetodontidae) (Glynn 1973). 


Sponges also interact with the coral recf in ways other than biocrosion and compcti- 
tion for space (e.g., Goreau and Hartman 1963; Schmahi 1984). Some sponges bind 
coral skeletons to the reef substrate (Wulff and Buss 1979, Wulff 1984); some sponges 
protect the coral undersurface from attacks by boring organisms (Goreau and Hariman 
1966). 


Numerous organisms are highly specialized to live in close association with corals, 
gaining shelicr and food, and often devouring mucus that is prevalent on the coral 
tissue surface. Examples include copcpods with worm-like bodies (Patton 1976), and the 
crab Domecia acanthophora and some pyrogomatid barnacles that induce coral skeletons 
to grow around them, forming a shelter for the symbiont (Patton 1967). 
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Reef Communities 
Community Structure 

CaaS 0) Sears. capes 0 Sapees site Sone & the way space and 
resources are stratified: canopy, understory, and substory. As the principal builders of 
the reef system, corals are the principal source of spatial plexity and shelter. 
Literally hundreds of SF ee ee 
to live in the Florida Tract. Complexity is further enhanced by transitory animals 


such as fish, birds, and turtles that feed, breed, or seek temporary shelter on coral reefs. 
Floating algae, with associated organisms, are also transitory constituents. 
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the reef margins. The reef also provides shelter for organisms, such as lobsters, that 
hunt in seagrasses behind the reef. There is mutual benefit to the reef and the 

i in the reef. Fish and crustaceans transfer nutrients and 
Organic matter, via their excreta, from the water column or seagrass flat to the reef 
(Faulkner and Chesher 1979; Meyer et al. 1983). These nutrients and organic matter 
are therefore available to corals and algae living in the understory, but do not promote 
phytoplankton growth in the overlying water column--growth that would reduce light 
reaching the benthos. 


Understory biota, including photosynthetic organisms such as algae, sponges, 
ascidians, and foraminifera that harbor algal symbionts, all contribute to the organic 
productivity of the reef while benefiting from the nutrients brought in by mobile 
organisms. These and other epibenthic organisms, such as polychaetes and bryozoans, 
dwell upon the dead portions of the coral surface. 


Substory biota (cryptofauna) live within the coral framework. Smaller caves are 
occupied by crustaceans, molluscs, ophiuroid echinoderms (brittle stars), fish, and 
polychaete and sipunculid worms. Larger, deeper excavations, often found at the reef 
base, provide shelter for fish, crabs, and lobsters. The excavations also provide surfaces 
on and within the reef for sessile organisms, such as bryozoans, ascidians, and serpulid 
worms. Cryptic biota inhabiting coral rubble interstices in Biscayne National Park 
includes at least 80 species (bryoz0a, cora:line algae, foraminifera, molluscs, polychaetes, 
sipu rrp acta th tee pt tts 
30 m in the water motion and sediment texture are important factors 
influencing species rte oe (Choi and Ginsburg 1983). 


Diversit 


Biogeographic and environmental factors determine how many and which 
occur On a particular reef. The diversity of organisms on a healthy Florida reef is not 
as high as that of a comparable western Pacific reef simply because West Indian reef 
biotas have declined in diversity more during the past 15 million years than have 
Indo-West Pacific biotas (Frost 1977). Because Florida's reefs are located near the 
northern limit of West Indian biotas, their diversities are further diminished relative to 
comparable central Caribbean reefs, e.g., those of the Cayman Islands. The actual 
number of plant and animal species on a particular reef at a point in time is primarily 
controlled by local environmental factors, such as water transparency, spatial 
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heterogeneity, depth, age of the reef, frequency and magnitude of physical disturbance 
(environmental predictability), and organismal life histories (Grassle 1973). 


To date, no one has completed an intensive investigation of floral and faunal 
diversity of a single Florida reef. Voss (1983) reported 62 algal species, 3 seagrasses, 55 
sponges, 73 cnidarians. 22 polychaete worms, 67 molluscs, 37 crustaceans, 7 tunicates, 
and 224 fish specics from the Key Largo area, including sedimentary, seagrass, live 
bottom, and coral reef habitats. Those numbers represent only a smail fraction of the 
species that actually live there. Kissling (1977) reported 420 invertebrates from nine 
reefs off the Lower Florida Keys. Longley and Hildebrand (1941) listed 442 species of 
fish from Dry Tortugas and Starck (1968) reported 517 fish species from Alligator Reef. 


Spatial heterogeneity is an obvious factor controlling reef diversity, more kinds of 
microhabitats support more species (Wells 1957; Grassie 1973). Depth, water trans- 
parency, and age of the recf influence spatial hetcrogeneity. Coral species show depth 
zonation: branching species thrive in relatively shallow water where at least 60% of 
surface light is available; star and brain corals flourish down to 20% of surface light 
(Huston 198Sa); and plate corals can occur at depths with as little as 0.15% of surface 
light (Reed 1985). On a Florida Kevs reef. the depths to which those light levels are 
available are approximately 5, 15, and more than 43 m, respectively (calculated from 
values reported by Jaap 1984). On a mature reef, three-dimensional spatial hetcro- 
geneity is well developed in the massive head-coral zone, possibly declining somewha: 
upward into the branching-coral zone and declining substantially with increasing depth 
as massive head corals give way to low-iving plate corals. Topography of the original 
substratum upon which the reef grew can also influence spatial heterogencity. 


Environmental predictability is also a major factor creating depth-related diversity 
gradients. Though spatial hetcrogencity on a shallow, reef margin may be comparable 
to that of the deeper head-coral zone, lack of environmental predictability limits 
diversity on the shallow margin. Ultraviolet radiation, thermal extremes, desiccation 
during extremely low spring tides, high wave energy, and abrasion by sediments carricd 
by storm waves all act to reduce diversity. Connell’s (1978) intermediate magnitude and 
frequency disturbance model, when applied to Florida's reefs, indicates that disturbance 


occurs at such magnitude and frequency to prevent development of highly diverse reef 
communities at depths <2 m. 


For the Caribbean in general, coral and algal species diversity increases from the 
reef crest to maxima at depths of 20 to 30 m (Huston 1985b). Because light penctraics 
only about half as deeply on Florida's reefs as on many other Caribbean reefs, maximum 
diversity is expected at about 8 to 15 m. 


Major Reef Types 


The region of reef development seaward of the Florida Keys is 270 km (146 nmi) 
long (Fowey Rocks to Marquesas Keys). There «re 96 km (52 nmi) of bank reef habitat 
and 6,000 individual patch reefs (Marszalck et al. 1977). The Upper and Lower Keys 
have greater reef development than the Middle Keys area (Marszaieck et al. 1977; Shinn 


et al. 1989). 


Bank Reefs. Bank reefs occur 7.4 to 13 km (4 to 7 nmi) seaward of the Florida Keys, 

paralicling the coast and continental shelf margin. Major bank reefs are shown in 

Figure 4.4. Most occur off Key Largo and from Big Pine Key to Key West where major 

islands protect the reefs from the detrimental influence of Florida Bay waters. A reef 

flat is located on the inshore side of the reefs. This relatively barren area is charac- 
by coral rubble encrusted by coralline algae and musiard hill coral (Poriwes 
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astreoides). Waves, intensive solar radiation, and frequent tidal exposure severely limit 
the reef-flat community. Shoreward, the recf flat gradcs into a mosaic of scdimeniary or 
scagrass habitats (Shinn ct al. 1989). 


Spur-and-groove formations are a principal characteristic of bank reefs. Spurs arc 
clongate reefal limestone formations covered with living corals. Grooves are valicys 
containing carbonaic sand and rubbic that separate the spurs. Spur tops are <1 m deep 
at shoreward ends and as decp as 10 m at scaward margins, spurs may exicnd a lincar 
distance of a hundred meters or more. Grooves may be <1 to 4 m deep. Most spur- 
and-groove formations cxtcnd latcrallv 1 to 2 km (0.5 to 1 ami) along reefs within the 
1- to 10-m depth contours. Spur formations are usually aligned perpendicular to the 
coast and continental shelf margin. In particular, they face into the predominant 
wind-sca direction. Where the groove system 1s present, sediments and waicr pass 
through the reef with minimal damage to attached biota. 


Spurs are constructional features in Florida reefs (Shinn 1963, 1980, Shinn ct al. 
1981). The major spur buildcr is Acropora palmaia (cikhorn coral) (Shinn 1966). 
Other corals, algac, and limestone debris fill spaces between A. paimata colonics. This 
species, under Optimum environmental conditions, can monopolize large areas (Glynn 
1973, Adey 1977). As the population grows upward to low tide level and increases in 
density, localized reduction in water circulation reduces planktonic food supply and may 
also influence oxygen and carbon dioxide exchange and sediment removal. When coral 
growth reaches low tide level, corals dic back from cnvironmenial stress when exposed. 
Dead corals are encrusted with coralline algac, producing a pavement upon which other 
organisms can live. Mcanwhile, the A. palmata population continues to colonize 
seaward, building upon the skeictons of deeper-dwelling corals that grew upward into 
the A. paimata zone of upon debris from its own population. 


Communitics occupving and constructing spurs arc zoned by depth; the major 
controlling paramecicrs are wave cncrgy and water transparency. A guild of 15 wo 19 
specialized coral and zooanthid species occupies the shallow (<2 m) spur habitats 
[known as the Millepora/Pahthoa zone for its dominant specics, Pahthoa canbbae 
(golden sea mat) and Millepora complanata (bladed fire coral)|. Other common 
members include Zoanthus sociatus (green sca mat) and Ricordea flonda (false coral) 
(Wheaton and Jaap 1988). These specics are adapicd to intense solar radiation and 
high wave energy. Benthic cover can exceed 100% (canopy and understory), and the 
density of stony corals, principally Millepora complanata, ranges from 7.6 wo 9.6 
colonies/m? (Wheaton and Jaap 1988; Jaap ct al. 1989). 


Acropora palmaia dominatcs between 2 and 5 m depths. Agaricia agancites is 
abundant on vertical surfaces (spur sides). Diversity increases and dominance of specics 
diminishes with increasing dcpth. Below 6 m, large heads of Montastraca annulans arc 
major contributors to coral cover. Eighicen to 22 stony corals and 7 to 15 octocorals 
populate deeper Sper-and-groove habitats; density of stony corals averages between 9 
and 15 colonies/m? (Wheaton and Jaap 1988; Dustan 1985; Jaap ct. al. 1989). 

Some reefs show little or no development scaward of the spur-and-groove zonc, 
whereas others have a well-devcloped fore-recf that slopes to # to 40 m (c.g, Eastern 
Sambo Reef off Boca Chica). Local topography and reef age may influence fore-rect 
development. Where fore-reefs are developed, they may be characterized by low relict, 
Spur-and-groove compicxes running scaward downslope. Corals are often diverse and 
abundant, averaging about 8 colonics/m* (Wheaton and Jaap 1988; Jaap ct al. 1989). 
Algae, octocorals, and sponges are also common. 
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The deepest portions of Florida bank reefs are in 37- to 40-m depths (Jaap 1981) 
and occur as isolated outcrops surrounded by sediments. Species that appear more 
abundant in this habitat include Agaricia fragilis, Agaraia lamarcki, Leptoseris cucuilata, 
Madracis decactis, Meandrina meandrites forma brasiliensis, Mycetophyllia aliciae, and 


Stony corals were surveyed on several bank reefs in the Florida Keys (Jaap 1984). 
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about 120 km (65 nmi) west of Key West (?igure 4.4) (Davis 1982; Jaap ct al. 1989) 
While Dry Tortugas reefs have many characteristics in common with other South Florida 
reefs, they are notable for their thickets of branching staghorn coral (Acropora 
cervicornis) that occur west and north of Loggerhead Key. Early work in the region 
(Agassiz 1883) documented wide distribution of staghorn corals at Dry Tortugas, despite 
an environmental perturbation that nearly eliminated those corals in 1878 (Mayer 1902) 
Vaughan (1911) also reported staghorn corals west of Loggerhead Key. Cold tempera 
tures have dramatically reduced staghorn populations at least twice during this century 
were reduced by roughly 95% during the winter of 1962-63 and again in 
1976-77 when cold fronts lowered temperatures to 14°C. Mayer (1914) reported the 
lethal lower thermal tolerance of A. cervicornis to be 13.5 to 15°C. Sitaghorn coral 
proliferates during favorable periods by rapid growth and by fragmentation, 


In a remote area northwest of Dry Tortugas (24° 47.25" to 25° 16.75°N and 
83° 37.75 to 83° 51.00°W) in depths of 64 to 76 m, a zone of highly irregular relicf 


similar to those found on vertical escarpment habitats of the Bahamas and central 
Caribbean basin (Ginsburg and James 1973, Goreau and Land 1974; Lang 1974; Reed 
1985). This assemblage is discussed further in Chapter 5. 


The distribution and species composition of live bottom communities offshore 
Southwest Florida is discussed in reports by Continental Shelf Associates, Inc. (1987, 
1989) and Environmental Science and Engineering, Inc. ct al. (1987). For further 


and Solenosmilia /anabilis 
(Cairns 1979). profunda dominates the banks. while L. prolifera is 
limited to (Stetson et al. 1962). In some places. these fragic, 


portions 
corals coalesce to form dense thickets; in other areas, they produce isolaicd 
ridges and mounds of their own debris. 


Coral growth on the deepwater banks is relatively slow, 5 to 7 mm/year (Wilson 
1979). Several environmental characteristics scem necessary tor these banks to develop, 
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including hard substrata, vigorous currents, and temperatures ranging from 5 to 10°C 
(Cairns and Stanley 1983). Habitat depths indicate dependence upon planktonic and 
detrital food sources. Because these reefs are so inaccessible, little else is known of 


their ecology. 


The banks serve as refuge, feeding, and breeding grounds, as well as nursery shcltcrs 
for other species. Large, commercially exploited deep-sea crabs (Geryon quinquedens and 
G. fenneri) are found associated with ter coral banks in the Gulf of Mexico and 
off Southeast Florida (Neumann and 1970). Corals provide both food and shelter 
for fish (Squires 1964). Isopods and other crustaceans are also associated with these 
banks. Other publications that deal with Florida deep coral banks include Teichert 
(1958), Moore and Bullis (1960), and Neumann et al. (1977). 


Interactions of Coral Reef Biota with Associated Communities 


Coral reefs are interdependent with other marine and terrestrial communities that 
constitute the coastal ecosystem. Energy, chemical constituents, and mobile species 
move between the reefs and other communities, including pelagic, mangrove, seagrass. 
sedimentary, and hardground. This interdependence is exemplified by the life cycle of 
the spiny lobster (Panulirus argus) in the Florida Keys. Mature spiny lobsters live, 
breed, and spawn on coral reefs. The planktonic larvae live for several months in the 
oceanic water column. Juveniles scttle near shore in Laurencia algae associated with 
seagrass communities (Marx and Herrnkind 1985). Larger juveniles live in live bottom 
habitats or mangroves before moving offshore to patch reefs and finally to reef margins 
as m2ture adults (Lyons et al. 1981). Adult lobsters also use different ecosystem 
components on a diurnal cycle, seeking refuge in reef dens during the day and moving 
into seagrass beds and sedimentary environments to forage for small molluscs, crus- 
taceans, and other prey at night. 


Understanding that coral reefs are adapted to nutrient-deficient waters (Muscatine 
and Porter 1977; Smith et al. 1981; Hallock and Schlager 1986) helps explain why reefs 
near terrestrial nutrient sources are so dependent upon associated ecosystems, particular- 
ly mangroves and seagrasses (Jaap and Hallock in press). Nutrients and sediments shed 
from terrestrial environments are intercepted by mangrove and seagrass communities, 
protecting the reef margin from their detrimental effects. With their more plentiful 
supplies of nutrients, mangrove and seagrass communities also provide nursery areas for 
juveniles, and foraging areas for adult animals that inhabit the reef. 


Environmental Phenomena 


In general, natural environmental stresses on coral reefs include extreme tempera- 
ture fluctuations and hurricanes and other storms that produce high volumes of 
terrestrial runoff of low salinity and high-sediment load. Most of Florida's reefs are 
sufficiently distant from the relatively small keys that salinity and sedimentation 
generally do not produce serious environmental stress. 


Because South Florida occurs in the transition between temperate and subtropical 
climatic zones, the Florida Keys are frequently exposed to winter, polar frontal systems 
that drastically cool the water (Walker 1981; Roberts et al. 1982). Thermal tolerance is 
— specific (Mayer 1914); however, most species display adverse affects below 15°C. 

h kills, coral bleaching, and mortality are often associated with hypothermic meteoro- 
logical phenomena (Hudson et al. 1976; Jaap et al. 1989). Reefs adjacent to channels 
connecting the Atlantic to Florida Bay and at Dry Tortugas are more susceptible to this 
stress. Reefs offshore the northern Keys are closer to the Florida Current and are 
protected by the warmer waters. 


111 


Coastal and Nearshore Communities: Coral Reefs 


Massive coral bleaching events (zooxanthellae expulsions) occur once or twice a 
decade; bleachings occurred during 1973, 1983, and 1987 (Jaap 1979, 1985, 1988). The 
cause in South Florida is believed to be hyperthermia brought on by long-lasting 
doldrums during late summer (Jaap 1985), in conjunction with El Nino - Southern 
Oscillation (ENSO) meteorology (Glynn 1988). Bleached Florida reefs usually recover 
in six to eight weeks following cessation of the doldrum. However, when the weather 
pattern continues for six weeks or longer, corals may not regain their color for several 
months. Rejuvenation is accomplished by cell division in remnant populations of 
zooxanthellae that remain in the coral tissues. Bleached corals have low tissue biomass, 
lissue carbon, and tissue nitrogen; reproduction (oocyte development) was disrupted in 
severely bleached specimens (Gassman and Szmant 1989). Weakened corals may be 
prone to algal overgrowth or disease (Shinn 1988). 


Hurricanes play a significant role in coral reef development in the western Atlantic 
(Stoddard 1962, 1969; Woodley et al. 1981). The Florida Keys have a greatcr proba- 
bility of hurricane impact than any other Florida coastal arca (Florida Department of 
Natural Resources 1974). Violent hurricanes pass through the reef system (Sugg et al. 
1970; Jindrich 1972; Shinn 1976), dislodging and fragmenting corals, moving fish away 
from their resident reefs, scouring and abrading the sessile organisms with sediments, 
and significantly reducing water transparency (Springer and McErlean 1962a; Ball et al. 
1967; Shinn 1976). After Hurricane Donna in 1960 redistributed much of the coral at 
Grecian Rocks and Key Largo Dry Rocks, recovery took about 5 to 10 years (Shinn 
1976). Such recovery indicates the resilience of a reef to mechanical destruction (Shinn 
1988), although recovery depends on the scale of destruction. 


Review of Human interaction with Coral Reef Communities 


As the human population has increased in South Florida and the Florida Keys, 
coral reefs of the ida Recf Tract have suffered. Coral rcefs are adapted to environ- 
ments where nutrients are scarce and terrigenous sediment influx is limited; human 
activities inevitably increase inputs of both into nearshore waters. Clearing forest and 
mangroves, dredging, and boat operations all increase sedimentation stress. They also 
indirectly increase nutrient loading by reducing natural nutrient traps, including vegcta- 
tion and soils, and by mixing nutrients into the water column that would otherwise be 
trapped in sediments. A workshop on coral reef research and management in the 
Florida Keys, held in Key Largo in June 1988 (Miller 1988), concluded that "The 
Florida Reef Tract is in serious trouble" and the first problem listed is “excessive 
nutrients and other waste products in the water originating from nearby land masses and 
Florida Bay” (Miller 1988). Lapointe and O'Connell (1988) demonstrated that the use 
of septic tanks and shallow injection wells in the porous limestones of the Florida Keys 
is accelerating eu tion of surface waters. Mean concentrations of ammonium and 
nitrate were 350-fold higher in groundwaters of developed Keys as compared with 

ristine groundwaters; phosphate was 60-fold higher in groundwaters of developed Keys. 
summer months, there is a greatly increased discharge of contaminated ground- 
water into sea-surface waters, raising nutrient concentrations and increasing phyto- 


plankton stocks. 


Terrestrial vegetation and mangroves are crucial to the survival of seagrass and coral 
reef communities because they act as filters, absorbing runoff, which carries sediments, 
organic debris, and nutrients, before it reaches the seagrass beds and reefs. Coastal 
urbanization threatens seagrass and reef habitats by removing these natural filters. At 
the same time, urban activities such as landscaping, dredging, and domestic waste 
increase the need for the filters. Turbidity caused by sediments and plankton 
reduces the depths to which seagrass and coral reefs can live. Eutrophication 
also stimulates benthic algal growth (which can prevent recruitment of larval corals) and 
increases microbial use of oxygen, reducing its availability in the environment. To the 
north, beach renourishment to counter erosion on the barrier islands of Dade, Broward, 
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and Palm Beach Counties has damaged reefs. Increased scdimentation rates, burial, and 
physical damage by dredge cables and anchors have all occurred there (Courtenay et al. 
1974; Jaap 1984; Goldberg et al. 1985; Blair and Flynn 1988). 


Although specific studies of the effects of excess nutrients on Florida’s coral reefs 
have not yet been carried out, other research has shown how sensitive reef growth is to 
nutrient loading. Successful coral recruitment is inversely correlated with nutrient 
availability (Birkeland 1977). Smith et al. (1981) found that strong eutrophication can 
eliminate corals from a benthic community. Although mild eutrophication does not 
eliminate adult corals, an event such as excessive storm runoff can kill them, leaving the 
habitat to be taken over by benthic algae due to sparse juvenile coral recruitment. 
Tomascik and Sander (1985) found that coral growth was inversely proportional to 
particulate organic carbon concentrations in waters over the reefs of Barbados. 
Birkeland (1987) classified the coral reefs of the western Atlantic and Caribbean as 
“continental” because nutrients are readily available from nearby land sources. Hallock 
et al. (1988) observed nutrient suppression of coral reef development in an area remote 
from anthropogenic influence (the Nicaraguan Rise of the western Caribbean). Because 
the Florida Reef Tract is on the climatic boundary of reef development and is occasion- 
ally stressed by exceptionally strong winter cold fronts, Florida reefs can only survive if 
human activities that directly or indirectly affect coral reef communities are minimized. 


Value of Florida Coral Reef Communities 


Florida’s reef system is a unique resource in the continental U.S. Coral reefs are 
vital to Florida's economy. Commercial and recreational fishing industrics depend on 
numerous species that inhabit reefs during all or parts of their life cycles. Additionally, 
non-consumptive uses, such as boating, scuba diving, snorkeling, and educational and 
natural history activities, are major producers of local revenue. Considering lodging, 
meals, transportation, equipment rental, and boat charters, there are strong economic 
incentives for effective reef management and preservation involving the sustained vitality 
of the commercial and recreational fishing and diving industries. These industries 
contribute not only to Florida's economy but also to the quality of life for Florida 
residents and visitors. The very cxistence of the Florida Keys is the result of millions of 
years of coral and algal limestone deposition. The recfs scrve as living breakwaters, 
dissipating storm and hurricane wave cnergics before they reach the coast, protecting 
low-elevation human settlements. The importance of Florida’s shallow-water reefs as 
offshore breakwaters is often taken for granted. Sea level is rising several centimeters 
per decade (Scholl et al. 1969); healthy coral reefs can build at that rate and thus 
continue to function as self-tending breakwaters. However, pollution rot only kills most 
corals but also increases the rate of biocrosion of reef framework (c.g., Smith et al. 
1981; Hallock 1988), compounding the problem of rising sea level. 


Finally, there is the ethical responsibility of society to conserve unique natural 
resources for future generations. From an ccological perspective, rational management 
must seek to maintain the organic evolutionary process that is responsible for the 
diversity of life found in the biosphere (Bradbury and Reichelt 1981). The U.S. has 
only one Florida Reef Tract and one Everglades. Socicty has the responsibility to 
preserve them. 


Coral Reef Management 


Several government agencies are responsible for specific areas of reef management. 
The State boundary is 5.6 km (3 nmi) seaward of the coast on the Atlantic (Ocean) side 
and 16.7 km (9 nmi) on the Gulf (Bay) side, except around islands and bays where there 
are special considerations. The area between the Statc boundary to the 370 km 
(200 nmi) National conservation boundary is under Federal jurisdiction. Thus, most 
patch reefs in the Upper Keys are under State jurisdiction, whereas bank reefs are under 
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Federal administration. In the Lower Keys off Key West, the islets of Sand Key and 
Pelican Shoal extend State jurisdiction to the outer bank reefs from Maryland Shoal to 
Satan Shoal. This complexity of boundarics makes enforcement difficult. The State of 
Florida and the Fedcral government have statutes protecting stony corals and the sea 
fan Gorgonia from harvest, sale, or damage on the seafloor. Permits from the Florida 
Department of Natural Resources (State waters) or the National Marine Fishcries 
Service (Federal zone) are required for all coral collections. Parks, sanctuaries, and 
National monuments receive special management. Fragmentation of responsibility 
makes it very difficult for an agency to react quickly to information on destructive 
human activities. 


As previously noted, many vessels have grounded on Florida reefs. Such impacts 
not Only damage or destroy the vessels, but also damage reef, seagrass, and mangrove 
habitats. Coral reef communities require at least several decades to recover from major 
natural disturbances; recovery following human disturbance is less predictable, especially 
if the habitat has been permanently altered (Pearson 1981). Large vessels, such as the 
freighter Wellwood which grounded in August 1984, devastate extensive areas of the recf 
(Gittings 1988; Hanisak et al. 1988; Hudson and Diaz, 1989). Large ships are a menace 
to Florida's coral reefs. In a span of 18 days three large ships ran aground on reefs off 
the Florida Keys during 1989. All of these accidents were caused by human error. The 
47-m-long offshore oil supply vessel Alec Owen Maitland grounded on south Carysfort 
Reef on 25 October. The 145-m-long bulk carrier Mavro Vetranic grounded on Pulaski 
Shoal, Dry Tortugas on 30 October. The 143-m-long bulk carrier Elpsis grounded on a 
reef in the Key Largo National Marine Sanctuary on 11 November. It is difficult to 
understand these accidents; none occurred during severe weather conditions and none of 
the ships reported mechanical difficulties. All of these accidents caused massive damage 
to the coral reefs where the ships had grounded. Even small boats can drive antifouling 
paint or fiberglass into coral surfaces, cut deep gashes into coral heads, shatter stands of 
elkhorn coral, or split large head corals that are hundreds of years old. In addition to 
overt physical damage, these accidents seem to make corals more susceptible to disease. 
The large number of boats operating in waters around the Florida Keys results in 
numerous groundings every year. Most are caused by navigational errors or poor 
knowledge of local water hazards. Shallow patch reefs, such as Mosquito Bank off Key 
Largo, are particularly prone to damage by pleasure boats; boaters seeking shortcuts to 
offshore reefs commonly run aground on the patch reefs. Anchors (Halas 1985) and 
lobster and fish traps, when deployed on a reef, can crush and scar corals and other 
biota. Even during coral recovery, traps may be pulled across the reef until they clear 
the bottom, often abrading or dislodging algae, corals, and sponges. 


Conciusions 
While the majority of the continental U.S. lies in the temperate climatic zone, the 
Florida Keys border the subt The Florida Keys possess a unique coastal eco- 


system that is Caribbean-West Indian in its ee affinity. This ecosystem is 
characterized by an onsh~<e-to-offshore gradient of communities: a mangrove coastal 
fringe, and a mosaic of seagrass, sedimentary, and coral reef communities seaward of the 
coast. The coral reefs are a National heritage of an aesthetic value equal to the Grand 
Canyon or Yellowstone National Park. Nowhere else in the continental U.S. can a 
citizen experience coral formations, schools of tropical fish, and the bountiful variety of 
life f9und on a coral reef. 


Coral reefs complex three-dimensional structure on an otherwise featureless 
continental The heterogeneity provides habitat that is occupied by many sessile 
and mobile species. These reefs are analogous to the tropical rain forest in ecological 
characteristics: high gross primary productivity, low net primary productivity, rapid 
recycling of limited chemical resources, extreme spatial complexity, high species diversity, 
and species interdependence (symbiosis). 
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The Florida Keys are economically dependent on the coastal ecosystem that includes 
coral reefs. The subtropical climate and clear, warm, azure waters provide an ambience 
that attracts millions of visitors from all over the world. Tourists come to snorkel, 
scuba dive, and view the reefs from glass-bottom boats. Reef-related recreational fishing 
and pleasure boating also support the economy of Monroe County. Commercial fishing, 
which includes the harvest of spiny lobster, grouper, anc. snapper from coral reef habitat, 
is second only to tourism in economic importance. Much of this harvest is consumed 
by the tourists in local restaurants. Coral reefs are a refuge and breeding habitat for 
lobster, grouper, and snapper, which are being utilized at or near maximum sustainable 
yield. 


Unfortunately, the geographic setting of Florida’s reefs exposes them to less-than- 
optimal environmental conditions. Because they are among the northernmost coral reefs 
in the Caribbean/western Atlantic, extreme winter cold fronts periodically stress the 
reefs, causing fish and coral kills. Summer doldrums that create abnormally warm water 
also stress the reefs, as do frequent hurricanes. 


In addition to natural stresses, urbanization of the Florida Keys and increased 
tourism have reduced coral reef vitality. During the last decade, environmental quality 
in the Florida Keys has deteriorated. Problems include declining water quality (due to 
nutrient enrichment and turbidity); boat and ship groundings; loss of coastal mangroves, 
which serve as a natural buffer-filier between inhabited areas and the mcre sensitive 
seagrasses and reefs; contamination of the habitat by pesticides and trace metals; and 
physical damage by anchors, divers, and fishing gear. The synergistic effect of these 
human actions threatens the continued survival of these sensitive marine communities. 


The possibility of a major oil spill from existing tanker traffic or future oil explora- 
tion and development is further cause for concern. The Bahia las Minas spill in 
Panama, which occurred in a similar environmental setting, caused significant, long-term 
damage to coastal communities (see Chapter 15). Because South Florida coral reefs are 
precariously located near the ecological limits for reef growth, their ability to recover 
from such damage is doubiful. 


From an ecological viewpoint, the diversity observed in the Florida Keys coral reef 
ecosystem has evolved through natural selection with little or no human interference. If 
this process is to continue, human effects on the reefs must be minimized, or a unique 
and precious National heritage will be lost. 


There are numerous ongoing research programs in the Florida Keys area, including 
programs sponsored by the National Oceanic and Atmospheric Administration, the 
National Park Service, the U.S. Geological Survey, the State of Florida, private founda- 
tions, and others. Some critical research needs are outlined below. 


In general, details of biology and life history are poorly known for the vast majority 
of coral reef biota. Population dynamics and interspecific interactions among reef 
Organisms must be more thoroughly investigated. In particular, because diseases and 
algal overgrowth are rapidly eliminating living corals in the Florida Keys (e.g., Shinn et 
al. 1989; Porter unpubl. data as reported in Miller 1988 and Shinn 1988), research is 
immediately needed on pathogens of coral and other reef organisms. The extent of 
coral pathogen distribution in the Reef Tract should be studied. Information is needed 
on the types of pathogenic conditions present and the net annual loss of coral cover due 
to disease. Further research is also needed on coral-algal and coral-bioeroder inter- 
actions. Because growth of algae, bioeroders, and possibly disease pathogens seem to be 
promoted by nutrient loading, research must include determining sources of anthropo- 
genic nutrients and determining ways to reduce nutrient loading. In addition to nutrient 
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loading by sewage outfalls and septic tanks in the Keys, deterioration of the water 
quality of Florida Bay must be assessed and reversed. This will require integrated 
studies of the entire South Florida assemblage of ecosystems. 


The level and impact of human usage of the Reef Tract needs to be studied. 
Information is needed on the number of users, the resources they are utilizing, the 
effects they are having on water quality, and the amount of physical damage to reef 
resources that is attributable to human activities. 


As the result of growing scientific and public concern for the deteriorating health of 
the Florida Reef Tract, the Florida Keys Coral Reef Research and Management 
Workshop was convened in June 1988, bringing together over 50 experts on coral reefs 
and their management. The recommendations and conclusions of that workshop (Miller 
1988) are summarized below: 


"A. The Florida Reef Tract is in serious trouble because of a combination of events 
including: 


1. Excessive nutrients and other waste products in the water originating from 
nearby land masses and Florida Bay. 

Physical damage to corals caused by boaters, divers, and fishermen. 
Natural causes such as storms, thermal shock from cold water in periodic 
storm events, warm water events... 

The lack of consistent management policies... 

The lack of sufficient data to make effective long range management 
decisions. 

6. Insufficient education of the public.... 


ve wn 


B. A series of definitive steps can be taken now to reduce the rate of deterioration 
of the Florida Reef Tract and to aid in its recovery. 


1. Establish permanent monitoring sites.... 
2. Initiate the following research studies, using standardized instrumentation, at 
each of the permanent monitoring sites: 
(a) animal and plant inventories 
(b) nutrient transport and loading 
(c) installation of Oceanographic ‘weather’ stations 
(d) satellite, aerial, and underwater photography 
(€) coral physiology, population dynamics, and biotic processes. 
3. Initiate a series of education and management programs aimed at 
immediately reducing the adverse human impact on reefs....” 


There are initiatives at the Federal and State level to designate the Florida Reef 
Tract as a National Marine Sanctuary and to designate a shipping avoidance zone 
offshore of the Florida Keys. These efforts, should they succeed, will provide signif- 
icantly improved management of reef resources. However, the threat of urbanization 
and nutrient runoff from uplands would not be addressed by these management 
programs. The reef system must be managed in the context of the drainage basin 
patterns and the anthropogenic processes that threaten environmental quality. 
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SEAGRASS BEDS 
Joseph C. Zieman 


introduction 


Seagrass ecosystems are among the richest, most productive, and most important of 
all coastal systems (Westlake 1963; Wood et al. 1969; Odum et al. 1973; Zieman 1982). 
Structurally, seagrass ecosystems are simultaneously simple and complex. The extensive 
undersea meadows siretching for hundreds of kilometers may be composed of only one 
to perhaps four species of seagrasses, so that only a few species literally define the 
system. At the same time, the community is extremely complex because of the hundreds 
to thousands of species of associated flora and fauna that inhabit seagrass meadows and 
utilize the food, substrate, and shelter provided by the plants. 


Florida has two major regions of inshore (<15 m depth) seagrass meadows and 
many other smaller inshore beds that reach very high densities. Recent studics have 
shown that there are extensive offshore seagrass beds in deeper water (Continental Shelf 
Associates, Inc. and Martel Laboratories, Inc. 1985; Continental Shelf Associates, Inc. 
1989). Although the extent of these sparse offshore beds has been mapped, their 
overall ecological importance is unknown. 


This section reviews aspects of the ecology of the seagrass ecosystems of South 
Florida. For other extensive reviews of these systems, see the monographs or articles by 
Phillips (1960a), Zieman (1982, 1987), and Zieman and Zieman (1989). Two important 
journal sources are the Proceedings of the Florida Bay Symposium (Bull. Mar. Sci. 44:1) 
and the Proceedings of the Symposium on Subtropical-Tropical Seagrasses of the South- 
eastern United States (Durako et al. 1987). 


Functions of Seagrass Ecosystems 


Wood et al. (1969) published the first classification of the common properties and 
processes provided by seagrass beds. The following is an updated version of the carlier 
Classification scheme taken from Zieman (1982). Seagrass ecosystems have the following 
properties: 


@ High Production and Growth. The ability of seagrasses to exert a major 
influence on the marine seascape is due in large part to their extremely 
rapid growth and high net productivity. 


@ Food and Feeding Pathways. Photosynthetically fixed energy from the 
seagrasses may follow either of two general pathways: cirect grazing of 
Organisms on living plant material or utilization of detritus from decaying 
seagrass matcrial, primarily leaves. Export of seagrass material, both living 
and detrital, away from a seagrass bed allows for further distribution of 
energy remote from its original source. 


@ Shelter. Seagrass beds serve as a nursery ground, that is, a place of both 
food and shelter, for juveniles of a variety of finfish and shellfish of com- 
mercial, sport-fishing, and ecological importance. 


@ Habitat Stabilization. Seagrasses stabilize sediments in two ways: (1) the 
leaves reduce water velocity near the sediment-water interface, promoting 
sedimentation of particles as well as inhibiting resuspension; and (2) roots 
and rhizomes form a complex, interlocking matrix which binds sediments 
and retards erosion. 


117 


Coastal and Nearshore Communities: Seagrass Beds 


@ Nutrient Effects. Production of scagrass detritus provides organic maticr for 
sedimentary nutrient recycling. Epiphytic algae and plant-associated 
microbes fix nitrogen, thus adding to the surrounding nutricnt pool. In 
addition, scagrasses can translocate nutricnts from sediments to the water 
column through the leaves. 


Direct herbivory on green seagrass leaves is confined to a small number of specics, 
and is most prevalent in tropical and subtropical regions, especially in the vicinity of 
coral reefs. Since the time of Pciersen (1918), the detrital food web has been con- 
sidered the main trophic pathway in scagrass meadows, and current siudics continue to 
support this concept, although direct herbivory can be locally important in some areas 
(Thayer et al. 1984; Zieman ct al. 1984a). Many beds, especially those dominated by 
Syringodium, export large quantitics of organic material to other distant ccosystems 
either by surface drift or benthic transport. 


In subtropical waters of South Florida, scagrass meadows often bridge large areas 
between mangrove and coral reef communitics, while also serving as primary nursery and 
feeding grounds themselves (Zicman 1982). On the west coast of Florida, they tunction 
in a similar manner as nursery and feeding grounds, but here serve as an intertace 
between the coastal salt marsh communities and offshore habitats of the castern Gull of 
Mexico (Lewis ct al. 1985b). 


Seagrasses of South Florida 


Seagrasses are a small group of monocotyledonous plants that live completely 
submerged in the marine environment. It is important to recognize scagrass species, as 
they possess quite different habitat valucs largely duc to their differing morphologics, 
biomass, and productivity. The small number of species occurring in these waters, and 
their distinctive gross morphologics, preclude the need for a dichotomous key, although 
systematic works such as den Hartog (1970) and Tomlinson (1980) are available for 
comparison with seagrasses from other areas. Illustrations and more detailed descrip- 
lions are found in Phillips (1960a), Zieman (1982), and Zieman and Zieman (1989). 


The three dominant specics in South Florida waters are Thalassia testudinum, 
Syringodium filiforme, and Halodule wrightii. 


Thalassia testudinum, turtle grass, is the largest and most robust of the South 
Florida seagrasses, and the most abundant throughout the study arca (Iverson and 
Bittaker 1986; Zieman ct al. 1988). It possesses large, strap-like leaves and has an 
extensive root and rhizome system uscd for anchorage, nutricnt uptake, and storage. 
lt produces the highest biomass and has the greatest arcal productivity. 


Syringodium filiforme, manatce grass, is distinctive in having cylindrical leaves that 
are quite brittle and buoyant. These float readily, and when broken off, are casily 
transported by winds and currents. In the study arca, it is most common on the outcr 
fringes of Florida Bay in deep tidal channels and in back reef arcas. It is not common 
in calm bays or in arcas with lowered salinity. 


Halodule wrightii, shoal grass, has narrow Icaves and a shallow root system. It is 
recognized as the pioneer specics in the successional development of scagrass beds in 
the Gulf and Caribbean, and can colonize disturbed arcas rapidly. As its common name 
indicates, it is often found in shallow waters on banks or immediatcly adjacent to 
mangrove islands where it may be subjected to repeated exposure to the atmosphere. 
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Ruppia maritima, widgeon or ditch grass, is a curyhaline angiosperm found abun- 
dantly in fresh water. In the marine cnvironment, it grows primarily in low salinity 
arcas, but is locally abundant in parts of Florida Bay where salinity reaches 60 ppt. 


Three species of Halophila occur in South Florida: H. decipiens, H. engelmannii, and 
H. johnsonu. These are small plants, growing only a few centimeters high. Although 
they cover large areas offshore, they never reach significant densitics compared with the 
biomass of other seagrass species. With only slight changes in the regional species of 
Halophila, this species grouping is found throughout the Caribbean and South Atlantic. 


Functional Morphology and Mode of Growth 


Although differences exist, seagrasses show common structure and growth paticrns 
(den Hartog 1970; Zicman and Wetzel 1980). Thalassia serves as a local model. On a 
Thalassia short shoot, which typically has two to five leaves at a time, new leaves grow 
on alternating sides of a central meristem that is enclosed by old leaf sheaths. New 
growth on leaves is produced by the basal meristem. 


Thalassia rhizomes occur from 1 to 25 cm below the sediment surface, but are 
typically found in the depth range of 3 to 10 cm. The rhizomes of Halodule and 
Halophila are near the surface and often exposed. While Syringodium rhizomes gencrally 
occur at an intermediate depth, in strong currents they may be exposed, even extending 
up into the water column. Roots of Thalassia emerge from the rhizomes and the short 
shoots. The roots are much smaller in cross section than rhizomes, and vary in length 
according to sediment composition and depth. 


Leaf width can reflect morphogeographic variation (McMillan 1978; McMillan and 
Phillips 1979). While studying Thalassia seedlings on a latitudinal stress gradient in 
Florida, Durako and Moffier (1981) found that the greatest leaf widths occurred in the 
Keys and the narrowest leaf widths occurred in North Florida. In addition, leaf moi- 
phologies showed sexual differences, with female short shoots tending to have narrower 
leaves than male shoots (Durako and Moffler 198Sa). 


Reproduction 


Seagrasses, capable of forming vast meadows with high areal productivity, seem to 
reproduce primarily by vegetative growth; however, sexual reproduction is important in 
providing the genetic plasticity necessary for successful adaptation and competition. 
Many extensive seagrass beds have never been found to reproduce sexually and are 
believed to be large clones of a single plant —— 1982). All species reproduce 
sexually. It is believed that Halodule, Syringodium, and Thalassia are dioecious, Ruppia 
is monoecious, and Halophila is mixed (Moffer and Durako 1987). 


Halodule produces fruit at the rhizome level. The fruit may reside dormant in 
sediments for at least 46 months, providing a seed reservoir that may be exploited 
following a major disturbance (McMillan 1981). Syringodium flowering and seeding is 
highly vaiiable. The seeds, which are produced above the sediments and can be widely 
distributed, can have a dormancy of at least three years (McMillan 1981, 1983). 
Thalassia produces flowers and fruits at the sediment surface. The fruits are buoyant, 
and float until they split and release the seeds. Reproduction in this plart has been 
well studied, but is far from well understood. Flower production in Florida populations 
of Thalassia occurs from to Au or September, peaking in June (Orpurt and 
Boral 1964; Grey and 1978; Sante and Moffler 1983b). Spatial density 
distributions showed that higher numbers of female plants occurred on the fringes of the 
bed where short shoots are generally younger, while more male plants were found in the 


Seagrass beds are generally located in protected waters. This may be in island- 
fringed lagoons or estuaries, behind reefs, or behind barrier islands. A notable excep- 
tion is the Big Bend area of the northwest coast of Florida, where unique physical 


Regional distribution is discussed in the Introduction to this chapter. General 
seagrass distribution in Florida is discussed by Zieman (1982), Iverson and Bittaker 
(1986), and Zieman and Zieman (1989). Offshore seagrass distributions are discussed by 
Continental Shelf Associates, Inc. and Martel Laboratories, Inc. (1985) and by 
Continental Shelf Associates, Inc. (1989). 


Vertical Distribution 


The development of rich, productive seagrass beds is confined to depths of 10 to 
12 m or less, although seagrasses have been recorded from as deep as 42 m. In Florida 


Bay, maximum density occurs between | and 3 m, while in the clearer waters behind the 
Florida Reef Tract, dense beds exist at 6 to 8 m. Depth distribution is limited by 
exposure and desiccation in shallow areas, and light penetration at depth. The plants 
can tolerate brief acrial exposure, but lose extensive numbers of leaves if the exposure is 
prolonged or the conditions are extreme. 


Halodule, and Ruppia if present, generally occur in the shallowest water, being morc 
tolerant of exposure than the other species. 


Thalassia is found in waters nearly as shallow as Halodule. Exposure of these flats 
on spring low tides commonly produces leaf mortality. Throughout depths of | to 
10 m, all of the species may be found, singly or mixed; however, Thalassia is the un- 
ape cape perenne dy eb hog era forming extensive meadows that stretch 
tens Of kilometers. In South Florida, beds tend to be monospecific, whereas in the 
north-central part of the State, major beds are frequently multi-species mixes. 
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Seagrass density is s;arse deeper than 10 to 12 m. Syringodium will frequenily 
replace Thalassia, occurring down to about 15 m where it in turn is replaced by 
Halodule. As the major species reach their depth limits, fine carpets of Halophila occur 

40 m in depth. In the shallow but highly turbid waters off the Shark River 
in Southwest Florida, Halophila is sparse but widespread in occurrence. It has recently 
waters 37 m off Southwest Florida (Continental Shelf 


Swringodium is locally abundant in several types of areas in South Florida waters, 

i rapid water flow. In highly turbulent waters 
immediately behind the Florida Reef Tract, Syringodium commonly occurs cither in 
dense monospecific stands or intermixed with Thalassia. Throughout the Florida Keys, 
Syringodium also commonly exists in dense stands in deep channels with strong currents 
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Numerous studics in Florida have illustrated the gencral pattern of vertical zonation 
in seagrass beds described above (Phillips 1960a; Strawn 1961; Zieman 1982; Lewis ct al. 
198Sa; Zieman and Zieman 1989), although localized conditions create much variability. 
The depths given represent those found in very clear waters. In turbid water arcas, the 

but the ranges of the various species would be attcn- 
uated. A vertical zonation gradient that extends to 10 or 15 m in the Keys or Dry 
Tortugas will be compressed to 2 m or even less in highly turbid estuaries such as 
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Seagrasses 


most tolerant of low temperatures; those of the Florida Keys are least tolcrant 
(McMillan 1979). Seedlings grown in culture maintained this pattern of tolerance for 22 


months. 

Salinity. South Florida ee 8 ee imum near that of oceanic water, 
but are generally able io wide fluctuations pny: Salinity 

tolerances among species coincide with thermal tolerances: is the most cury- 

haline, followed by Halodule, Thalassia, and Syringodium. Halophila is the \cast cury- 
haline of the seagrasses. 

Thalassia has an optimum salini ata hes unio Philli — 
McMillen and Moseley’ 196? 4 Zieman | Sam cate Ge mane is oa Beety 
to extremes ranging from 3.5 pp (Sculthorpe 1967) 1 (hchilion aad 
1967). Significant leaf loss tly follows exposure to low salinity extremes. 


Recently, a deliberate release of fresh water into Manatee Bay and Barnes Sound caused 
massive defoliation of the seagrasses. Whether these were killed or will recover remains 
to be seen (M. Robbice, pers. comm. 1988, Everglades National Park). The effect of 
freshwater runoff following a hurricane was considered more dama to seagrasses 
than the effects of high and tidal surge (Thomas et al. 1961). -term fresh- 
water releases often cause massive defoliation, but do not kill the rhizomes, and the 
plants can recover if the stress is removed. 


121 


10; 


Production 
g/m?/d 
o 


4. 


“* 
. . > tee 3% . . 
2: ee 3 “te 9 * 
° : ‘ ie ty *e 
*"s ™ _«@ 
.« "7 “ee . 


20 25 30 35 
TEMPERATURE (C) 


Bi 


6° 


Producti 
g/m?/d 


20 30 40 
SALINITY (%o) 


Figure 4.5. Temperature and salinity responses of Thalassia in Biscayne Bay (From: 
Zieman 1975a). 
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Halodule docs not tolcrate salinitics <3.S ppt (McMahan 1968). Ruppia mantuma 
grows primarily in brackish water (Verhocven 1975) and was observed growing near 
river mouths in Everglades National Park as well as in salinitics up to 58 ppt 
(J. Zieman, pers. observ.). Ruppia has been observed wo 10 m in depth 18 km (10 nmi) 
offshore in North Florida, in arcas where salinitics were quite low duc to offshore 
freshwatcr springs (Earle 1972). Halopiula engclmanna occurs off the mouth of the 
Econfina River, an arca of relatively low salinity (Zimmerman and Livingston 1976). 
Recent studics in Florida Bay determined that Thalassia, Svringodium, Halodule, and 
Ruppia all grow successfully to at least S8 ppt for protracted periods (J. Zicman; M. 
Robbice; J. Fourqurean, Univ. of Virginia, pers. observ. 1989). 


Light. The fact that well-developed scagrass beds do not occur at depths >10 m in the 
Caribbean has been considered indirect evidence that photosynthesis in scagrasses 
requires high light intensity, and that light penetration limits the depth to which 
seagrasses Can grow (Humm 1956; Bucsa 1975; Wiginton and McMillan 1979). 

Thalassia to be limited t depths where 10% of sea surface light energy 
penetrates. hs calculated for Northwest Florida were 7 m for the part of the 
seagrass bed between Tarpon Springs and Crystal River, and 4.5 m for the portion north 
of Crystal River; depths approximated the deeper scaward limit of the major seagrass 
beds in the castern Gulf of Mexico, except for the deeper Halophila beds (R. L. Iverson, 
pers. comm. 1988, Florida State Univ.). Although Thalassia and Syringedium occurred 
at greater depths in Cuban coastal waters (Bucsa 1974) and in St. Croix waters 
(Wiginton and McMillan 1979) than in the Big Bend arca and Florida Bay, most leat 
biomass in the northwestern Cuba and St. Croix seagrass beds was located shallower 
than the depth to which 10% of surface light energy penetrated. Buesa (1975) reported 
the following depth maxima for scagrasses off the northwest coast of Cuba: Thalassia, 
14 m; Syringodium, 16.5 m; Halophila decipiens, 24.3 m;, and Halophila engelmanni, 

14.4 m. However, maximum biomass for Thalassia was located between |- to 3m 
depths, whercas for Syringodium it was locaicd between 1|2- to 14-m depths. 


Although light quantity is being increasingly studied, little attention has been given 
to light quality as a determinant of production and distribution. Longer red wavelengths 
are absorbed in the first few meters in both clear and turbid waters. Clear tropical 
waters of the Caribbean Sca are enriched in bluc light, while in turbid shallow waters, 
such as parts of Florida Bay and the Southwest Florida coast, enrichment of green 
wavelengths occurs. Thalassia responds best to red light (629 nm), which is the most 
rapidly aticnuatcd, while Syringodium grows best with bluc wavelengths (400 am) (Buesa 
1975). Wiginton and McMillan (1979) reported that chlorophyll a to chlorophyll > 
ratios increased with increasing depths, but they concluded that light quantity rather 
than quality was the primary cnvironmental dctcrminant of scagrass depth distribution. 


Humm (1973) and Phillips (1960a) observed that Ruppia occurred in arcas of low 
light and high turbidity. Halophila engelmannii also grows in shallow, turbid waters as 
well as in deeper, clearer waters (Zimmerman and Livingston 1976). 


Oxygen. Dissolved oxygen within the water column of scagrass beds gencrally is 
a ndhe the respiratory demands of the plants themscives and associaicd organisms. 
In beds, photosynthetic oxygen production can be so high that bubbles escape 
from the leaf See | in latc aficrnoon. Scagrasses are less susceptible to low oxygen 
concentrations than the animals of the grass beds; nevertheless, leaf mortality and 
a microbial activity coincided with lowered oxygen levels in Japanese Zostera 

beds (Kikuchi 1980). Low oxygen icvels slow the rate of respiration, and when internal 
oxygen concentrations are lowered, the plant's rate of respiration ts controlicd by 
diffusion of oxygen from the water column. If anoxia develops, the plants are forced to 
use anacrobic respiration, which is much Icss efficient and produccs toxic products, 
Stressing the plants. 
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Seagrass biomass and production are greatly influenced by current 


m/s (Conover 1968). It is believed that such velocitics 


averaged 0.5 

gradicnts and thus increase the availability of carbon dioxide and 
to the plants (Conover 1968). In South Florida, the densest stands of 

uum occur in tidal channcls separating mangrove islands whcre 
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lush plant growth, although it occurs in shallower sediments (Figure 4.6). 
occur in a variety of substrates, from fine muds to coarse sands. In Tampa ™1y, Phillips 
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Figure 4.6. Seagrass meadow development as a function of sediment depth (From: Zieman 1972). Note the denser and 
longer leaf canopy developed over the deeper sediments. 
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processes will diffuse upward to the aerobic zone where it can either escape to the 
water column or be converted to nitrate by nitrifying bacteria in the presence of oxygen. 
Nitrate is usually in very low abundance or absent in sediments, as it is either rapidly 
metabolized or converted to dinitrogen (N,) via denitrifying bacteria. 


Microbial nitrogen fixation can occur either in the rhizosphere or phyliosphere. 
Capone and Taylor (1980) agreed with Patriquin (1972) that the primary source of 
nitrogen for leaf production is recycled material from sediments, but found that rhizo- 
sphere fixation can supply 20 to 50% of the plant's requirements. Capone et al. (1979) 
concluded that nitrogen fixed in the phyllosphere contributed primarily to the epiphytic 
community, while fixation in the rhizosphere contributed mainly to macrophyte produc- 
tion. Fixation by epiphytes can contribute to seagrass nutrition directly, as demonstrated 
by transfers between leaf and epiphyte (Harlin 1971; McRoy and Goering 1974), and 
indirectly, because after the leaves senesce and detach, most of them decay and become 
part of the litter, some of which will be incorporated in the sediments. 


Phosphorus is the other major macronutrient, and its cycling differs fundamentally 
from that of nitrogen. In normal biogeochemical cycling, phosphorus has no gascous 
phase, does not change valence state, and ultimately has one primary source, the 
weathering of phosphate minerals. While phosphorus is in very low concentrations in 
tropical waters, it is often relatively abundant in sediments. Sediments of seagrass beds 
show increased levels when compared to sediments outside the beds (McRoy et al. 1972; 
Patriquin 1972). In Barbados, dissolved phosphate in pore waters of carbonate sedi- 
ments were low and Patriquin (1972) concluded that the overlying waters were the 
primary source of phosphate to the seagrasses. Rosenfeld (1979) found that Florida Bay 
pore water concentrations were two orders of magnitude lower than pore water con- 
centrations in Long Island Sound, and attributed the difference to the adsorption of 
phosphate by calcium carbonate. Rapid adsorption of phosphate occurs on calcite and 
aragonite (Berner and Morse 1974; Morse et al. 1979). Thus, it is likely that phosphate 
is more limiting than nitrogen to seagrasses in tropical carbonate sediments. 


The role of microbes in controlling the availability of phosphate to seagrasses is 
unclear. While the plants take up only orthophosphate, bacteria can also directly 
incorporate or hydrolyze organic phosphates. In addition, some bacteria can produce 
organic acids which, by lowering the pH, can solubilize inorganic phosphates (Fenchcl 
and Blackburn 1979). Rapid uptake and remineralization of phosphate by bacteria and 
their grazers can return phosphate to the inorganic pool. 


In a shallow-water successional sequence leading to Thalassia, the early stages are 
often characterized by low sediment organic matter and exogenous nutrient supply, that 
is, the community relies on nutrients brought in from adjacent areas by water movement 
as Opposed to in situ regeneration. With the succession from rhizophytic algae to 
Thalassia, there is = rogressive development in the below-ground biomass of the com- 
munity as well as the portion exposed in the water column. With progressive increase 
in leaf area, sediment trapping and particle retention increase, adding organic matter to 
the sedimentary microbial cycles. Seagrasses in carbonate substrates with small external 
nutrient sources may often be nutrient limited. Powell et al. (1989) found that in 
eastern Florida Bay, nutrient additions from bird droppings could significantly increase 
seagrass biomass. Tissue content suggested that phosphorus was limiting in control 
areas and nitrogen became limiting in the vicinity of bird enrichment. 


Available evidence suggests that seagrasses are extremely efficient at capturing and 
utilizing nutrients, and that this is a major factor in their ability to maintain high 
productivity in a relatively nutrient-poor environment. 
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Production Ecology 
Biomass 


Seagrass biomass can vary greatly depending not only on the species but on such 
environmental variables as available light, sediment depth, nutrient availability, tempera- 
ture, and circulation. Dense stands of Halodule typically reach a biomass of several 
hundred grams per square meter; Syringodium reaches maximum development at 1, =00 WW 
1,500 g dry wi/m?; marinvem seported values Sor Thalassia are over 7,000 g dry wi/m?. 
Tables showing the diversity of values are —> McRoy and McMillan (1977), 
Zieman (1982), Lewis et al. (1985b), and Zi and Zieman (1989). 


Most seagrass biomass, particularly in the large species, is below the sediment 
surface. Typically, 15 to 20% of Thalassia’s biomass is in the leaves, although reported 
values range from 10 to 45%, with the rest made up by roots, rhizomes, short shoots, 
and sheathing leaves (Zieman 1975a, 1982). Sediment texture can affect the relative 
amount of biomass above and below the surface: the ratio of Icaf to root and rhizome 
biomass in Thalassia increased from 1:3 in fine mud, to 1:5 in mud, and 1:7 in coarse 
sand (Burkholder et al. 1959). It is unclear whether this reflects enhanced Icaf produc- 
tion in nutrient-rich fine sediments or the need for greater root development for 
increased nutrient absorption in the generally nutrient-poor coarse sediments. Thalassia 
has the most rcbust root and rhizome system of the Florida seagrasses. Halodule and 
Syringodium have shallower, less massive roots and rhizomes, and tend to have a greater 
portion of their total biomass, 50 to 60%, in leaves (Zieman 1982). 


Procuctids 


Seagrasses are noted for their high primary productivity compared to other marine 
ecosystems. Values for seagrass productivity, like those of biomass, vary enormously 
depending on species, density, season, and measurement technique. Zieman (1982) and 
Zieman and Zicman (1989) prowded det detailed tables of productivity rates. Productivity 
values of <0.5 to 16 g C m7/d have been reported for the South Florida region. The 
highest reported values (¢.g., Odum 1963) reflect the production of seagrasses, epiphytic 
algae, and benthic algae. Measurement methods that are specific for sea produc- 
tion show that net, above-ground production is commonly | to 4 g C m*/d, although 
maximum rates can be higher (Zieman and Wetzel 1980). 


Recent explorations of the mechanisms underlying high seagrass productivity have 
uncovered patterns in species response and regional response. Seagrass productivity is 
governed largely by nutrient availability and the quantity and quality of light reaching 
the leaf surface. Williams and McRoy (1982) have shown that tropical and sub-tropical 
American and Caribbean species show two characteristic responses of productivity to 
light intensity, and these patterns complement the observed successional roles of the 
plants. Syringodium and ia from Puerto Rico showed a relatively slow initial 
uptake and a relatively linear response throughout the range of irradiance tested, with 
no indication of inhibition at 100% irradiance. By contrast, Halodule had a higher 
initial rate which greatly increased at higher intensities, but with an indication of some 
inhibition at 100% irradiance (a pattern characteristic of an carly colonizer). All specics 
tested showed a pronounced regional effect, with tropical plants having much higher 
photosynthetic rates. Mean maximum carbon fixation rates in Puerto Rico were 
2.96 mg C g dry wit/h for Thalassia, 3.33 for Syringodium, and 11.42 for Halodule; 
whereas in Texas, the relative rates were 1.38 for Thalassia, 1.35 for Syringodium, and 
2.76 for Halodule. 
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Temporal and Spatial Patterns 


The wide range of environmental conditions and seasonal programming throughout 
the range of seagrass species has a pronounced effect on their annual productivity and 
biomass cycles. Figure 4.7 illustratcs some scasonal patierns in a Thalassia bed through- 
Out a 16-month period in south Biscayne Bay. Both productivity and standing crop vary 
seasonally, with high valucs in warm months and low valucs during winter. Highest 
standing crop values were about 2.5 to 3 times the winter minimum. This seasonality 
varies latitudinally, with a maximum to minimum Icaf standing crop ratio of 1.2 to 2.5 
on the northwestern coast of Cuba (Bucsa 1974), 2 to 3 generally in South Florida 
(Zicman 1975Sa,b, 1982), and 6 to 8 for the northwest coast of Florida (Iverson and 
Bittaker 1986). 


A major question in any ecosystem study is--what regulates productivity? With 
seagrasses of the Gulf and Caribbean, a paticrn is beginning to emerge wherein arcal 
productivity is a primary function of biomass and specific productivity, with specific 
productivity being a function of available light and nutricnt supply. Figure 4.8 shows 
the areal production of Thalassia as a function of biomass in Florida Bay (Zieman ct al. 
1989). This shows a significant lincar relationship between production and standing 
crop, with an r value of 0.91. The range of standing crop varied by a factor of 79:1, 
from 1.8 to 142.9 g dry wim’, whereas the turnover rate, an analog of specific produc- 
livity (ratio of daily production to standing crop), varied by a factor of only 2.4:1, from 
1.5 to 3.6% per day. Thus, there was little variation in turnover rate in South Florida 
over a wide range (two orders of magnitude) of biomass valucs. This shows that arcal 
productivity is highly dependent on biomass within scagrass beds over a broad region. 


Chemical and Nutritive Constituents of Seagrasses 


Because of their high productivity and wide distribution, scagrasses are a potentially 
important food source for other organisms in shallow coastal marine systems. The 
relative amount of protein in the plant tissucs has been used as a measure of the 
potential food value of tropical scagrasses. Comparative studics have shown that turtle 
grass leaves are roughly equal in protcin content to phytoplankton and Bermuda grass 
(Burkholder ct al. 1959) and two to three times higher than 10 species of tropical 
forage grass (Vicente ct al. 1980). Constituent analysis is also valuable in determining 
the physiological condition of the plant. 


Various authors have performed such constituent analyses for the scagrasses con- 
sidered herein (Burkholder ct al. 1959, Bauersfcld ct al. 1969, Walsh and Grow 1972; 
Lowe and Lawrence 1976; Bjorndal 1980, Dawes and Lawrence 1980, Vicente ct al. 
1980; Dawes and Lawrence 1983). A summary of these results is given by Zicman and 
Zieman (1989). 


Patterns of variation of constituents, especially protein content, have been shown to 
vary both spatially and temporally (Dawes and Lawrence 1983, Dawes 1985; Dawes ct al. 
1985; Durako and Moffler 1985c). In Tampa Bay, valucs for Thalassia varied from 8 to 
22% and valucs for Syringodium varied from 8 to 13%, with maximum valucs occurring 
in summer. Thalassia teaves collected in July 1979 from Tampa Bay, Key West, and 
Glovers Reef (Belize) showed a significant difference in protcin content (higher in 
Thalassia \eaves from Belize) even though the sitcs were similar in depth, salinity, and 
temperature (Dawes and Lawrence 1983). 


In Tampa Bay, seasonal variation in soluble carbohydrate content occurred in 
rhizomes of both Thalassia and Syringodium, reficcting production and storage of starch 
during summer and fall (Dawes and Lawrence 1980). Mcan valucs for the lipid content 
of Thalassia \eaves varied from 1.2 to 4.2%, and were comparable to the fat content of 
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Figure 4.7. Variation in temperature, salinity, and biotic seagrass parameters from a 
meadow in south Biscayne Bay (From: Zieman 1975a). 
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Figure 4.8. Relationship of areal productivity to standing crop of Thalassia in Florida Bay (From: Zieman et al. 1989). The 
slope of the line shows a daily mean rate of change of 2% over a wide range of standing crop. 
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Succession and Ecosystem Development 


i2 the marine environment, very few plants have evolved the ability to colonize soft 
sediments. As a result, the successional sequence leading to seagrasses usually consists 
only of the seagrasses and rhizophytic green algae (den Hartog 1970, 1971; Zicman 
1982). Seagrasses are vital to coastal environments because they are the only plants 
capable of providing the basis for a mature, productive ecosystem in these regions. Few 
other systems are so dominated and controlled by a single species as a climax Thalassia 
meadow. If the seagrass disappears, the entire associated community disappears with it, 
there is no other organism that can substitute, sustain, and support the ecosysicm. 


Initial colonizers of bare sediments (Figure 4.9) are typically rhizophytic macroalgac, 
of which various species of Halimeda and Penicillus are the most common, although 
species of Caulerpa, Udotea, Rhipocephalus, and Avrainvillea also occur. These algac 
have some sediment-binding capability, but because they do not form a dense canopy or 
rhizoidal mat, their ability to stabilize sediments is minimal. Their major function in 
the early successional stage seems to be contribution of sedimentary particles as they dic 
and decompose. 


Halodule wrightii, the local pioneer species of seagrasses, colonizes readily cither 
from seed or rapid vegetative branching. The numerous leaves and denser root and 
rhizome mat form a better buffer to protect the integrity of the sediment surface than 
the algal communities. In some sequences, Syringodium will appear next, intermixed 
with Halodule at one edge of its distribution and Thalassia at the other. However, 
Syringodium is the least constant member of this sequence and is frequently absent. In 
areas with consistent disturbance and sediments low in organic content, Syringodium may 
become the dominant species. It commonly lines natural channels with higher velocity 
waters and higher turbidity than Thalassia can tolerate. 


AS successional deve t proceeds, Thalassia begins to colonize the region. Its 
broad, strap-like leaves and massive rhizome and root system efficiently trap and retain 
particles, increasing organic matter in sediments. Sediment height rises until the rate of 
deposition and erosion of sediment particles is in balance. This rate is a function of the 
intensity of wave action, current velocity, and leaf density. 


In shallow-water successional sequences leading to Thalassia, the carly stages arc 
often characterized by low sediment organic matter and open nutrient supply; that is, 
the community relies on nutrients brought in from adjacent areas by water movement as 
Opposed to in situ regeneration. With the progression from rhizophytic algae to 
Thalassia, there is a p increase in the below-ground biomass of the community. 
In addition, the ceatienion tratens in leaf area of the plants promotes sediment 
trapping and particle retention. This material adds organic matter to further fuel the 
sedimentary microbial cycles and adds to the nutrient pools. 


In summary, succession of dominant plant species in these systems results in 
important structural and functional changes. Increased leaf area provides more subsiratc 
for epiphytic algal and faunal colonization, while promoting sedimentation and 
increasing total organic content of the system. As the canopy component increases, so 
do the below-ground biomass and the nutrients stored in the sediments. Thalassia, the 
climax species, has the highest leaf area, the highest total biomass, and by far the 
greatest amount of material in sediments of any successional stage, and consequently can 
Support the highest biomass and diversity of associated organisms. 
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Figure 4.9. Potential pattern of successional development in a Caribbean seagrass bed (From: den Hartog 1970, Zeman 
1982). Ali stages are not present in all seagrass developmental sequences 
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Seagrass Community Ecology 


The distribution and density of scagrass specics are dependent on the physical, 
chemical, and geological cnvironment. The associated community ts the product of this 
seagrass composition as well as the abiotic variabics. The principal groups arc 
(1) epiphytic organisms, (2) cpibenthic organisms, (3) infaunal organisms, (4) planktonic 
organisms, and (5) ncktonic organisms. 


Most intimately associated with the scagrasscs themsclves are the epiphytes. The 
relationship between cpiphyte and scagrass host is basically that of an ectoparasitc, 
being beneficial to the epiphytic ectoparasite, but detrimental to the scagrass host 
(Humm 1964; Harlin 1975, 1980). While epiphytes derive benefits such as being raised 
higher in the photic zone, the shading effect of the epiphytes has been shown to be 
detrimental to the scagrass hosts (Sand-Jensen 1977, Orth and van Montirans 1984). In 
arcas of high epiphyte growth, the action of cpiphyte grazcrs is extremely important in 
maintaining scagrass productivity as well as longevity of the host scagrasses, without 
which the system would be climinated (Orth and van Montirans 1984). Epiphytic 
diatom associations in Florida Bay have been described by DeFelice and Lynts (1978). 


The standing crop and productivity of scagrass epiphytes and their resultant con- 
tribution to the trophic base of the system are highly variable. In some arcas, such as 
immediaicly behind a coral recf, there are few epiphytes and little contribution. In 
other arcas, especially those with high external nutricnt enrichment, the amount of 
production is quite high and Icthal to the scagrasses (Harlin and Thorne-Miller 1981). 


The invertebrate fauna of scagrass beds of the Southwest Florida coast is primarily 
Caribbean-West Indian, with increasing input from Carolinian fauna from the north 
(Collard and D’Asaro 1973). There is a greater proportion of emergent organisms 
(those living at or above the sediment surface) than infaunal organisms (those living in 
the sediment) in the scagrass beds of the southern part of the West Florida coas, 
changing to a lesser proportion of dominant emergent forms in the north. 


Early ecological surveys of Florida coastal waters include observations of increased 
densitics of fish and invericbratcs within scagrass beds compared to adjacent habitats 
(Reid 1954; Tabb et al. 1962; Roessler 1965). Later studics quantified these differences 
in faunal abundance (Rocssicr ct al. 1974; Yokel 197Sa.b; Thorhaug and Roessicr 1977; 
Weinstein and Heck 1979). The concise study of Yokel (197Sa.b) serves to characterize 
these results. In Rookery Bay Sanctuary, more than three times as many fish were 
captured in scagrass than in bare sand and shell subsiratcs (Figure 4.10). Standing crop 
of crustaceans (estimated from trawis) was ncarly four times larger in mixed scagrass 
and algal flats than on nearby unvegctaicd bottoms (Yoke! 197Sa.b). Stoner (1980) 
found that the density of macrofaunal organisms and the number of specics taken was 
directly related to the density of macrophyte biomass. Faunal dominance was different 
between the vegetatcd and unvegctated stations. When comparing strictly infaunal 
Organisms, a different paticrn may appear. Stoncr (1983) found that the relative 
abundances of infaunal organisms decreased in the following order: 


Sand > Halodule > Syringodium > Thalassia 


as well as from low to higher biomass of the seagrasses. Virnsicin ct al. (1983), 
Virnstein (1987), and Zicman and Zicman (1989) provide recent reviews. 
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Figure 4.10. Relative abundances of invertebrates and fish in seagrass beds and adjacent non-vegetated habitats in 


Rookery Bay (From: Yokel 1975a). 
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Seagrasses and associated epiphytes provide food for trophically higher organisms by 
means of three distinct routes: (1) direct herbivory, (2) detrital food webs within 
Seagrass beds, and (3) export of material from the system for utilization by organisms 
outside of seagrass beds. Even though seagrasses have a relatively high protein content, 
they are directly grazed by relatively few animals. Occasionally, localized grazing by sca 
urchins, parrotfishes, green turtles, or manatees can be quite significant (Camp et al. 
1973, Greenway 1976; Ogden 1980; Thayer et al. 1984; Zieman and Zieman 1989). 


One of the most important roles that seagrass beds have in the coastal ecosystem is 
that of a nursery ground in which postiarval fish and invertebrates concentrate and 
develop. In addition, important species such as the spotted seatrout (Cynoscion 
nebulosus) spawn in or just adjacent to seagrass beds (Tabb 1966; Lassuy 1983; Lewis ct 
al. 1985b). Seagrass habitats offer high productivity, surface areas, and blade densities, 
as well as a rich and varied flora and fauna. Based on abundance and size data, many 
important species prefer seagrass habitat over available alternatives in estuaries 2.1d 
coastal lagoons (Yokel 1975a). In Tampa Bay, 23 species of finfish, crabs, and shrimp 
of major importance in Gulf of Mexico fisheries were found as immature forms in 
seagrass beds (Sykes and Finucane 1966). A third of the species collected at 
Matecumbe Key seagrass beds by Springer and McErican (1962b), including all filcfishes, 
grunts, parrotfishes, and snappers, occurred only as young, indicating the nursery valuc 
of the seagrass-dominated shoreline habitat sampled. Studies throughout Southwest 
Florida estuaries of Rookery Bay, Marco Island, and Fakahatchee Bay have shown that 
shrimp were most abundant at stations dominated by seagrasses. Within these stations, 
Shrimp were most abundant where benthic vegetation was dense (Yokel 1975a,b). 


Export 


Seagrass leaves are frequently detached and transported away from the beds. Large 
quantities are found among mangroves, in wrack lines along beaches, floating in large 
mats, and collected in depressions on unvegetated bottom. In areas, leaves and 
even large chunks of leaf, rhizome, and sediment can be detached by storm action. In 
clear tropical waters, a major source of leaf detachment is by the action of grazers on 
the leaves. In Tague Bay, grazing by parrotfishes and sea urchins created large drift 
lines of exported seagrass blades. Because of Thalassia’s — density, only about 1% 
of its daily production was exported, whereas 60 to 100% of the highly buoyant 


—— was exported from a tropical bay (St. Croix, U.S. Virgin Islands) (Zieman ct 
al. 1979). 


The export described above is typical in that Syringodium constitutes the major 
portion of drift material, although it may be a small proportion of the donor beds. 
Syringodium contains large air spaces and can remain afloat for long periods, whereas 
Thalassia rarely floats for more than a day. In the Indian River, Fry (1984) found that 
47% of the Syringodium was transported from beds there. As this was the major 
Seagrass, he concluded that this in part led to a higher reliance trophically on algal 
components of the food web than seagrass material. 


Off the west coast of South Florida, vast rafts of drifiing seagrasses can be scen at 
times emanating for several hundred kilometers from Florida Bay (Figure 4.11). 
Exported seagrass contributes nutritive material to the highly productive shrimping 
grounds of the region (Zieman 1982; Zieman et al. 1989). 


Environmental Sivesses 


The primary environmental variables limiting the distribution and abundance of 
Seagrasses in South Florida have been described in a previous section. For seagrass 
growth and existence, there is an optimal value of each environmental parameter. Using 
seagrass productivity as an indicator of health and response, comparison of temperature 
and salinity effects serves to indicate the range in response to environmental parameters. 
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Figure 4.11. Density of macrophyte drift material in surface waters west of Florida 
Bay in October 1979 (From: Zieman et al. 1989). 
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Figure 4.5 shows the of Thalassia to temperature and salinity (Zieman 1975a). 
The response of productivity to temperature is pronounced, with small departures from 
the optimum radically decreasing net productivity. By comparison, even relatively large 
departures from the optimum salinity have relatively small efiects. 


Most environmental stresses that affect seagrasses, whether caused by human 
intervention or by extreme excursions of natural processes, are simply perturbations of 
the ranges of natural environmental variables such as light and temperature, or in the 


scagrass meristems are protected in sediments. If the stress is relieved, seagrasses will 
recover and replace the leaf canopy. If the stress is continued, the below-ground Ltissucs 
will also eventually die. 


Lower-level chronic stresses, such as elevated temperatures or subtly increased 
turbidity, cause reduced productivity or eventually death over long periods of time. 
Generally, these stresses act by either decreasing gross productivity, increasing respira- 
tion, or both. If the stress is great enough or is sufficiently prolonged, the plant dics, 
essentially of starvation. 


H , the greatest losses of seagrasses in South Florida have been duc to 
dredging and filling, primarily to build residential and industrial developments. Canals 
were dredged deep, to create more fill for t, and usually yielded bottoms that 
were too deep, and thus, too deeply shaded to allow recolonization. In more recent 
wr this type of development has been greatly reduced, but scagrass loss continues. 

oday, the primary loss of seagrass habitat results from increased turbidity and subse- 
quent shading. In some areas of South Florida, this is due to suspended fine sediments; 
elsewhere, it is due to eutrophication from inadequate sewage treatment or due to septic 
tank leakage from porous bedrock of housing canals. In some cases, the excess 
nutrients cause phytoplankton growth in the water, while in other cases, they stimulate 
excess epiphyte development on the leaves. The ultimate effect is the same, ic., 
continued stress and eventual death of the plant. 


Another major source of seagrass bed loss and disturbance is physical damage by 
boats. Scarring of seagrass beds has long been recognized as a major disturbance 
(Zieman 1976). Even small cuts from boat propellers can take five or more years to 
heal in a mature and healthy Thalassia bed. More extensive damage from large-scale 
prop dredging can take decades to recover. 


Most of the anthropogenic stresses to which seagrasses are subjected are abnormal 
or extreme extensions of environmental stresses to which the plants are adapted, thermal 
pollution being a prime example. Some of these are treated in the previous section and 
others are merely extensions of the sections on Limiting Variables and Distributional 
Controls. Other anthropogenic stresses, of which a primary one is due to oil spills and 
cleanup efforts, are stresses that are outside of the range of seagrass evolution. Crude 
oil seems to kill, much like burial, but the effects of the more volatile and soluble oil 
fractions are not yet well understood (Zieman et al. 1984b). It is certain, however, that 
Shallow and just-subtidal seagrass beds, which abound in the study area, are the most 


susceptible to such damage. 


Compared with other coastal interface communities, seagrass meadows are not 
generally the most susceptible to damage from oil spills except at their upper ranges of 
distribution. Where cil has contacted seagrasses that are just intertidal or just subtidal, 
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damage has been extensive, while deeper subtidal beds are generally unharmed by direct 
effects of the oil (Chan 1977; Cubit et al. 1987; Jackson et al. 1989). These instances 
point out how vulncrable much of South Florida's seagrass meadows would be to an oil 
spill. Many of the seagrass beds, such as those of the deeper back reef areas or 
in Hawk Channel, probably survive, but the priceless nursery meadows of Florida 
Bay in Everglades National Park and much of the western portions of the Lower Keys 
could be destroyed. This is because so much of this arca consists of shallow mudbanks 
that are emergent on very low tides. Figure 4.12a, taken from Zicman ct al. (1989), 
shows a map of Florida Bay depicting the relative distribution of scagrass- covered 
mudbanks (stippled) and the deeper (1 to 3 m) basins. Figure 4.12b shows vertical 
relief along the same transect in cross-section. Thalassia occurred at 95% of all stations 
sampled in Florida Bay. The average standing crop of leaves for the entire bay was 
63.2 g dry wi/m?, whereas the density in the upper meter of the western section of the 
ay would be by far the most vulnerable to oil spills, is 125 g dry wi/m? (Zieman 
et al. 1989). 


The effects of various types of damage to seagrasses have been extensively reviewed 
elsewhere, with examples and case studics described. Gencral reviews of sircss and 
— effects on seagrasses are provided by Zicman (1975b), Zicman (1982), and 

ieman and Zicman (1989). For effects of thermal pollution, sce Zieman and Wood 
(1975); and for effects of oil on scagrasses, sce Zicman ct al. (1984b), as well as sections 
herein which document the effects of recent oil spills on tropical scagrass Communilics. 
Livingston (1987) has documented the historic losses of scagrasscs in Florida related to 
human development and exploitation. For further discussion of oil spill effects on 


seagrasses, sce Chapter 15. 
Conclusions 


The South Florida region is unique for the U.S. and environmentally valuable in 
numerous ways. Most oficn cited is the unique and distinctive tropical beauty associated 
with its clear waters and distinctive fauna and flora. Thus, it is deserving of protection 
solely because of its aesthetics and beauty. Vital commercial and recreational fishcrics 
depend on the shallow scagrass beds of the region for support. An oil spill that 
destroyed seagrass beds in this region could have devastating cffects on the vitally 
important pink shrimp and lobster fishcrics, as well as scatrout and redfish. The recent 
experience in Alaska (Exxon Valdez spill) has conclusively demonstrated that the only 
currently feasible way to protect resources such as these is to never allow them to be 
disturbed. Aftcr-the-fact cleanup of ecosystems of this importance, delicacy, and physical 
extent (the seagrass beds of Florida Bay alone are 1,860 km?) is not feasible. 


Twenty years ago, few people knew or cared about the fate of scagrasses. Today, 
scientists, management agencics, and conservationists all recognize the role of these 
plants in the coastal ecosystem. Rescarch has been progressing to the point that it is 
usually possible to determine the qualitative effects of natural cnvironmental and 
anthropogenic stresses. It is still vitally necessary to develop information to allow 

lative assessments as well. The list below identifics some of the most critical 
needs for rational understanding and management of scagrass ccosysiems. Many of the 
ideas are not just those of the author, but are recommendations of the Florida Scagrass 
Task Force, commissioned by the Secretary of the Department of Environmental 
Regulation, of which the author was a member. 


Light 
Potentially the most important necd is to understand how modifications of the light 
field affect seagrass growth and health. Intuitively, this is a simple relationship: any 


anthropogenically caused decrease in the quality or quantity of submerged light is always 
detrimental to seagrasses. However, the particular effects on any specific scagrass bed 
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cannot be determined at this time. More information is needed concerning (1) the 

effects of quantitatively reducing the light field, and (2) the effects of qualitatively 

changing the spectrum of light reaching the plants. It is relatively simple to place 

ES © 6 is GEES ONS Sete EES Wy Slag SEEN Gay Cette © Seer 
in photosynthetic rate. However, it is vitally necessary to understand the 

silos of 1%) cunpented talimente, (2) eutengtie phgtapleriden gent, ont 

(3) eutrophic epiphytic growth on these same plants. 


At this point, it can be strongly stated from observation by trained observers that 
increases in turbidity caused by suspended sediments and eutrophic algal growth are 
detrimental to seagrasses; but the relative importance of each, and how they interact, is 
not known. It is the opinion of the author that chronic deterioration of water quality 
due to eutrophication and suspended sediments is the greatest source of seagrass losses 
at present. 


Long-Term Studies 


Seagrasses have not been monitored for extended periods of time. Thus, no 
information exists on long-term natura/ variation in undisturbed seagrass meadows. It is 
currently impossible to separate the effects of random but extreme climatic events from 
those caused by anthropogenic stresses and habitat modification. 


The need for this type of information has been emphasized during the past 18 
months. Since the summer of 1987, a massive die-off of seagrasses, primarily Thalassia, 
has occurred in Florida Bay and other parts of South Florida. In Florida Bay, over 
4,047 ha have been totally destroyed and denuded, and an additional 24,282 ha have 
been severely damaged. This event is being investigated by a team assembled by the 
Everglades National Park (Zieman et al. 1988), but it is largely an after-the-fact study. 
Little applicable information exists on the previous condition of the areas in which the 
die-off occurred. 


A conspicuous gap exists in the knowledge of long-term effects of water manage- 
ment practices in South Florida on seagrass communities, particularly in Florida Bay. 
Beginning with the Flagler railway and continuing through present-day control of water 
levels and hydroperiod, there is evidence that salinities in Florida Bay have been altered 
since historical times. Specific effects on seagrass communities and on associated fauna 
need to be understood to determine the optimum, water management regime. 


Succession and Community Development 


Numerous data gaps exist concerning succession and community development. The 
broad pattern of succession has been described, but the conditions which lead to the 
transition of one species to another are not quantified. In addition, the relative roles of 
(1) vegetative reproduction (clonal growth), (2) seed and seedling success, and 
(3) rooting of free vegetative segments in maintaining and dispersing seagrass beds is 
unknown. If spreading and reproduction are largely clonal, the reduced genetic diversity 
could have important effects on the ability of a bed to tolerate various stresses. 


Models 


For knowledge and predictability of seagrass systems to advance, it is necessary to 
develop conceptual and simulation models of the most important processes. Primary 
among these processes are the interaction of light, temperature, and salinity on seagrass 
growth, as well as models describing successional processes. These will allow scientists 
and managers to generalize rather than rely totally on innumerable site-specific studies. 


140 


Coastal and Nearshore Communities 


ZA iSE% The Tortugas and Florida reefs. Mam Am Acad. Ars Sci 11:107-134. 
D. Mi. 1937. The of mangrove-derived tannins ca intertidal meiobenthos in tropical! esiuancs. 
He (ertin) 71:537-540. 
1 
1 


Antonius, A. 1974. New observations on coral desiruction in reefs. Paper read at 10th Meeting of the 
Association of Island Marine Laboratories of the Caribbean, 4-7 1973, at Mayaguez, Pucrio Rico. 

Antonius, A. 1976. Kranke Koralien: Ri ’ 493-494. 

Antonius, A. 1981a. Insernanonal Coral Reef Symposusm, 


D. de Ruyter van Steveninck. 1984. Densities of the sea urchin 
mass mortalities on the coral reefs of Curacao. Mar. Ecol Prog Ser. 


Tndidemnum 


EFF FE 
F 
f 
: 
gEEC BR 
; 
z 
i 
| 


of ol. 09-215. 
+ oe eS Stockman. 1967. The geologic effects of Hurncane Donna in South 


Thermal Ecology Il: Proceedings Augusta, Georgia, 1975, od. G. W. Esch 
and RW. McFarlane: 46-53, Technical Information . Energy Research and Development 
1 


cee 


I: 
L 


A iministration. 


Barber, B. J. . 985. Effects of clevated on seasonal in sim teal productivity of 
Thalasna tesnadurusn = Sone and Syangodum forme, Kutzng Bot 22:61-69. 

Barnes, D. J. 1973. Growth in colonial inians. Bull Mar. Sci. 23: 

Barnes, D. J., and C. J. Crossland. 1980. Diurnal and seasonal variations in the growth of a staghorn coral 
measured 7 lapse photography. Limnnol yom Spt ple 

oe, Par eo eee. © to the ecology of 


Bauer, J. C., and C. J 1987. Isolation of for the sea urchin Diadema anullarwmn 
(Echinodermata: Echi Bull Mar. Sci. 40(1):161-165. 
Baversfeld, P.. R. R. Kicer, N. W. Durrant, and J. E. 1969. Nutrient content of turtle grass (Thalassia 
Proc. Int Seaweed Symp. 6:637-645. 


lestudirusn ) 
aoe T 1961, The Shallow: Water Ociotorallia of the West Indian Region. The Hague, Nethertands: Martin 


Berner, R. A. and J. W. Morse. 1974. Dissolution kinetics of calcium carbonate in seawater. [V: Theory of 
calcite dissolution. Am J. Sci. 274:108-1§4. 

Bernstein, L. 1961. Osmotic adjustment of plants to saline media. 1. Steady state. Am J Bort. 48:909-918. 

Birkeland, C. 1977. The importance of rate of biomass accumulation in carly successional stages of benthic 


communities to the survival of coral recruis. In ’ ee ne ee ee 
Miami, 1:16-21. Miami: Rosenstiel of Marine and Sciences, Univ. of Mi 

C. 1987. Nutrient availability as a major determinant of i among coastal -subsiratum 
communities in different regions of the tropics. In Differences between Atlannc and Paci ! Lay 


: 


R. J., and R. K. Trench. 1985. and symbiotic Science 229-656-658. 
F. 1977. Quilines of ecology, and forestry of the of the Indian subcontinent. In 
scones ae Se Sane Oe Wet coastal ecosysems, ed. V. J. Chapman, 241-260. New York: Elsevier 


Blasco, F. 1983. Mangroves of The Gambia and Senegal: Ecological sanus-evoluion, Report for United 
——- — Otttce I. United Nations Plaza, New York 10077. C.N._R-S/Universite Sabatier, 
oulouse, France. 
Bradbury, R., and R. Richelt. 1981. The reef and man: rationalizing oe « ccological theory. In 
Proceedings of the Fourth International Coral Reef Symposium, 1:219-223. Quezon City: Paragon Printing 


Brawley, S. H., and W. a SEE Se SD GE GS GREENGEEEND GD Gg CRRRNENY CONTEND SD © CREE Cust 
61:67 177. 


microcosm. Mar. Biol 
., atte ~ ee A mass mortality of mangroves in the Kosi estuary. Trans. R Soc. S. 


SOO, SS Sam, ane © Cutmnen, tist. Gostegy on of coral reefs and ic banks. In 
environmenial 3-160. Miami: U.S. of 
ee Ee ! ype Gulf of Maaco, amy ami ment 


| 
| 


grass (Thelasse sesmdaruen Konig. 1805) on the 


data on turtle 
4207-226. 


Buesa, R. J. 1974. 


Aguoculaae 


Sp SS SS See NS ee ED oD Oe canna Cites 
+f mangrove lite fall topcal Austraia In Mangore econstoms on Ausr 


Ausirahan . 
EM. Burkholder. and’) A. Rivero. 1959 Some chemical constuents of tute 


FT. Canteens 


grass. 


Fe . 


Hy uae Dire 


HAL Aika? id, + efx G22 Gg 
aay GH ua a i tat 
Cot LaCie aed Ae: 
Lee a nat ae Hat a uly 2 1 
| wets Hh iaUlt See Ut i [HE et i oH 
aL aaa ; fie ah cal Bap 
ar Eh labial | wea it as, | 
Ris i Se | (ester jie 
ta es aise fel if ip’ rile Le 
Ey ae i etl | i att le ie 


142 


Coastal and Nearshore Communities 


af 
* 


Cooksey, K E.. B. Cooksey. P. M. Evans. and E. L. Hildebrand. 1975. Benthic diatoms as 
carbon cycle mi a 


mangrove community In /@h Ewupean Svmpasuen on Manne Biolog, Vol 


3 
5 


W. P. Azzinaro. and J. van Montfrans. 1974. Ecologcal 
Propects, Broward Count, Flonda. and Adjacent Areas. bor Betvur. 


ey 


C 


dle i aT i z a2 
i it my aye 
cette PUiLwi pid 
1 af p it bil | ? 
rE iH ait re. it i | 
Mad Miata ea in i 
selcel deceaatte as LHP Pr 
Ht litte ue gil 
i t 3 ve : ae fa 
he al lp Hills: aT ee 
faets 4 TH cet pi 
rt as : let Aste 


4c $0 f 


ri ere 


mn: 


ion 


a 


(ut 
F 


if 


Co. 


communities. in Scagass ccossicms 
York: Marcel Dekker. 
algal vegetation in and outside damscilish termiones on a 


New 


Heiltfernch, 89.122 


Cc 
of 


Classification im 


world 
im tt 
and 

Won 
20 

von of 
.™M 


species. In & 


1%. Honolulu: Unw. of I lawan 


Wageningen, Netheriands International 


Liat 


Secs 


rar 


Fini 


ae 


ie 


= 42 


growl 
Rep 
on 
Putd. Nx 


6 ones 
Oo Thalassia testactiriun 


artificially discased tropical corals 
ecokogy 


reproductive paticrns within a seagrass bed 
vanations im 
onda. O 
the 
Manne 
Manne 


Leaf width as a secondary sex character 
! reproductive 


. Observations on the 


. Publ. No. 18, Vols. I and II. 


i 1 
and ; 
— H. W., and R. Mitchell. 1979. Observations on naturally and 
Moffler. 198 
Proceeding, 
117 Lamy 
Moffier. |98Sa 
Moffier. 1985b. Observations on the 
temporal 
' , ‘Banks a 
Lewis Hil, 
southeasiern 
of Natural 
's Keys. 


: a ie ig 
‘yinieealy 


and Contenental Shell 


udy MMS 87.0023 


Amencan ( 
Jonda reef t 
Flonda, and its management. Vegriano 3.213265 
Research Associates, Inc. 
study data souhems. OCS Si 


ep ee cae Keys: Carvsfort Reef, Key | argo 


cohogical 
ecosvsiems 


Res 


im the reef<oral community of Carysion Reef, Key Largo, Honda 


of reef 
Atoll 


af 


Pe 
coral 

~ my 
steer fas 


Associates, inc. 1987. 


LGL £ 
New Oricans: US Gapertenans ef the basadon, Ulinanas Eliassen Sores. 


ae. tes 

_ and J 

19R2. 

1972. 
bbs, Jr. 1 

+o 

E. 1952. 
Spiced Ghee a 


ee 45 


143 


| 
: 
: 


t yi he v bE ie 3 | r i t i i 53 i al 
Re Cre Tee TEE 
Hie i} iH fe t iyi aft fe: TE 
Cee Ea a 
- S ay i is as 5 4 ) 2 = | Scie 5 <5 - ge i 
: i ! HE 7H i Hl ful rat st 
HUE a edb nea Fe 1 He HH ae le Sh ite 
! il etd | Spb | i ne a 
Re Ha ete He : cit 
eats Ths si tecaire metic ee : 


| see al 


pipe =z He Fe bliiibe 


Getter, CDs 


hi 
ite aa nie : “ge 


144 


Coastal and Nearshore Communities 


Sy 6 gat * sy ib i : i : 
; hij is ih ha aiid. lewd ts bea tf ie 
de Teta Tala aay fiat 
et it i i Hi : rae ly : ! i i 3 it ine ue 
be lip 1G ie Be EGE eT he : ea p Eas: wilds 
bey ya EE th TG ae ut ks E ee 
fll if i ‘i Hi i i 4 Hine i Be ee 
i El dea 
Heli Ta Sy kei alt | Fes Ee le a 
zeta en pce ie it iis if Lithia 
: cine ved Hy a § aft Hie te ili an PH as 
ile ot lf: bl Petite Perea a a HE 
FE cage abel He oe a 
lie dere PTT tah eer eMart 


: 
, 
i 


Coral Nenonal Marne 
ea tanh 
&9 December 


Waatengion 
for reet studses. 


+5 
Sone 


and Scieractsma 


1986. Seagrass Gutmbution mm the casiern Gulf of Mooco Esme Coan 
od. S. Jameson, /- 
corals im 


The dsstnbunon of carbone anhydrase m a slaghorn coral Acropora Aches 
on zooxanthellae expulsion at Middle Sambo Reef, Flomda Keys. USA Bull 


ghee) 


li 
‘k ay 


Wet bis 


. ane 


ieee i 


leet 


if u | ; } i i ; 7. i ' ie f fod i 
eal liad tay editin ; 
fs apd pe ogh 1 
dhiteciitussig ye eiidad 
Cea EE aR 
ea ea [ aha a hie tH UE 
[ja deed at ee ry HU Euee ait 
veld i We kati iat UH ine 

Eat a us ji ile ie i aH 
fi Gil ra Harrhity gate EE 

Hi pllhe oe Bae 
oy ate Tae 


ah : a 


146 


Coastal and Nearshore Communities 


Koyis, B.. and N. Quinn. 1984. Puberty in corals: An examination of Conneil’s hypotheses. Paper read at 
Advances in Reef Science, a mee’ ag of the Atlantic Reef Commitice and the International Socicty 


for Reef Studies, 26-28 , at Tae Univ. of Miami, Miami, FL. 
Kylin. A. and R. S. Quatrano. 1975. Metabolic and biochemical of salt tolerance. In Plants in saline 
guvronmenss, ed A. Poljakoll Mayer and} Gale, 147-167. Studies No. 15. New York: 


vey Effect of different hydrological regimes os eateety een gle L.. 
we yy pe yt ee County, Honda Ph.D 


Landon. S. 1975. Environmental controls on rates in hermatypic corals from the Lower Flonda Kevs 
L ‘in / py! lL. The rediscovery of Scola cubensis (M 
ang, J. , ic ion by corals. |. ; (Milne. 


Mar. Sci. 21:952-959. 
Lang, J. aOR Tetorapadiilo euapension Vy cclaseatinian core) 2. Why the case ts ont to the oath. Bull Mar. Sei 


Lang, J. 1974, Bictogies! sonasion ot ts bane. of 0 veel. Ame Sei. 62(3)272-281 » 7 
Lapointe, . P. Smith. Watlagion, DC. NOAA Tech @s a source of numenis to Love 
Key Nanonal Maruve =EL IA 


Lapointe, RE. and) O'Connell 1988, The of i _ae 
a ce ine Key Wet: Rep., Monroe County Planning 
Lassuy, D. R. 1983. iles: Life histones and environmental requi ulf of Mexico)--spotted 
seatrout. FWS/O 1.4. Washington, DC: U.S. rr ees! Biological 


Lee, in 1989. Physical oceanography lueranure review of the Sraus of Florida and eastern Gulf of Meaco 


"Ft. D. Robern 
a Ran and L. Cubit. 1984b. Spread of Diadema mass moriality through the Canbbean 
Science 
Lana Zi 2 CAE, Aabestaan, Bt. Shatmnen, 04. Pasher, 5. Gent, aad 5. . 1984a. Mass mortality 
of Diadema anuilarum on the Caribbean coast of Panama. Coral Reefs 4:173-1 
Lewis, J. > = nd RC. Phiiga. {08 Gccurence seeds and seedlings $2:305-347. 
of seeds and seedlings of Thalassia testudinum Banks cx 


Konig the Shy quat Bot 9377-380. 

> > Lu. _ D. Mofir and R R. C. Phillips. 198Sa. Seagrass meadows of Tampa Bay - 
Tempa Ba  nformanon svmposuun. ed ed. S. F. Treat, J. L. Simon, 

RR Lows, sad Re ream, 216-246. Sea Grant Publ. No. 65. Minneapolis: Burgess Pubi. 


Lewis, R. R, oy ~ yr Ayt yh, be E. Odum. 1985b. Mangrove habitat and fishery resources 
of Florida. In Florida aquatic habitat and fishery resources, od. W. Seaman, Jr., 281-336. Kissimmee, FL 
Florida of the American Fisheries 


Lim C. 1961. Cleaning symbiosis. Sci Am. 205 42-49. 
Littler, M. M., ‘Lier and BE 1986. Baseline studies of herbivory and 
dominani National Manne Sanctuary Washington, DC: N AA Tech. Memo 


R. J. 1987. epee 7 A “Semponum i Bubp ye ones fh oe southeastern United 


Durako, R Lewin 139180 ibropicl ropa ae haat te Petersen i 


Lama, J, and R. langue. x. and Lews, 139.182. Fond the amphinomid polychaete 1 
Sci. 25:442-443. ad 


. Hildebrand. 1941. cal dninbuton. Pup. Yomuga Lab. 1-331 Pla. with 


he 
te f 


; habits and local ortugas Lab. 34:1-331 
Lot-Helgueras, A.. C. Vazquez-Yanes, and F. Menendez. and flonstic Soe cos Ge 
saltnemn tigh of cabreces tp the Gal onan ef tiaen. fa ngs of Internauonal Symposium or 
Biology and of M Vols. | and Il, ed. G. Walsh, Wsnedaker. and H. Teas. 5261. 
Lowe, EF and JM. Lawrence. 1976 Abortion efficiency of Lwechinus varcgas (Lamarck 
a .M. 1 ( ) 
(Echinodermata) for selected marine plants. J. Exp. Mar. Biol 21:223- 
Pt ae structure and species diversity of hermatypic corals at E. lat, Red Sea. Mar. biol 
Lu, J. C. S., and K. Y. Chen. 1977. Migration of trace metals in interfaces of seawater and polluted surficial 
sediments under different redox conditions. Environ. Sci Technol 11:174-182. 
Lugo, A. E., and C. Patterson-Zucca. 1977. The impact of low temperature stress on mangrove structure and 
jew Ay ag 2):149-161. 
Lugo, A. E., $. C . 1974. The of mangroves. Annu. Rev. Ecol Syst. 5:39-64. 
Lugo, A. E.G re oS Comp ecosystems under stress. In Swess on natural 
’ W. Barrett and , 29-153. London: John Wiley & Sons 
Lugo, A. E., G. Evink, M. Brinson, A. Broce, and S. C. Snedaker. 1975. Diurnal rates of photosynthesis 


on Invesnganons and Resources 


147 


Coastal and Nearshore Communities 


Marszaick. D.. G. Babashotf. M. Nocl. and P. Worley. 1977. Reef distribution in South Plonda. In Proceedine, 
Thurd Insemanonal Coral Reef Symposium Miamu 2:223-230. Miami: Rosenstiel School of Manne and 


Atmosphenc 
Martosubroto, P., and N. Naamin. 1977. Relationshi , tidal forests (mangroves) and commercial shrimp 
im Indonesia. Mar. Res. Indones. 18: 


jl. 4 


J 
Maver. A a oe Gee tae tor sunanech ia biclogy. — 17: 190-192. 
Mayer. A. 1914. Ve ee of tompenmase epee wapled manes niente. Pap. Tortugas Lab. @\-'* 
McMahan, C. A 1968. Biomass salinity tolerance of shoalgrass and manaice grass in lower | 4/2na Madre. 
at aa on ae _ of halopin 
illan, C. 1974 wg cy uatic plants. In Eectugy « tes, od 
R. J. Remmold and W. H. Queen, 3 Sa. New York: header Pleas a 
McMillan, C. ay Fm pe ey ao Ay). 1... Thalassia 


oa ) wnghin, Svingoduwn filiforme, Halophila engelmanru, and Zostera manna Aquat 


McMillan, C. 1979. Differentiation im response to = te populations of three manne 
than C1981" es, Thalassia testudinum, Syingodaam filiforme. Se, and Haledon wnguu. Am J Boi. 6810-819 

McM Cc 981. Seed reserves and seed germination lor two scagrasses. Halodule wnghau and Svringodiurn 

. from pe Sane Aeeeee. 7p Bot. 11:279-296. 

McMillan. C. 1982. Reprod we Rouen ot ropical seagrasses. Aquat Bt 14.245-2' 

McMillan, C. 1983. sons os oomminntan in } dale toh wig and Sywingodasn filiforme trom Texas and the US 
Virgin Islands. A Bot 18:217-220. 

McMillan, C.. and F. N. Moseley. 1967. Salinity tolerances of five manne spermatophytes of Redfish Hay, 


Texas. a 503-506 
McMillan. Cc R. C. Phillips. 1979. Differentiation in habitat response among populations of new world 
seagrasses. Aquat But 7.185-1% 
McRoy, C. P., and J. J. Goenng. 1974. Nutnent transier between the seagrass /usiera manna and vis epiphytes 
Nature 248( 5444): 173-174. 
McRoy, C. P.. and C. Helffench. 1980. Apphed aspects of In Handbook of seagrass biology - an 
ecosysiem approach. ed. R. C. Phillips and C. P nop oD p a7 M4 roe a York: Garland Pubhcations inc 


McRoy, C. P.. and C. McMillan. 1977. Production ecok re hee. = In Seagrass ecosvsicrns 
A scienufic _ ed. C. P. McRow and C. Hi rich. Coagace’s. New ork: Marcel Dekker 

McRoy, C. P.. K. J. Barsdate, and M. Nebert. 1972 Phosphorous cycling im an celgrass (Zostera manna |) 
cconmeen. * Limnol Oceanog. 17-58-67. 

Mergner. H. 1977. | as indicator species for ecolog cal parameters in Caribbean and Ked Sea coral 
reefs. Third Intemational Coral Reef Ss Miam: 2119-126. Miamr Rosenstiel 


1, 
Schoo! of Manne and Atmosphenc Science, Uni. of 
ae fs en ee os tie re fae oy See a Se eon 
on © researc management ui s A blueprint 
“for acon. Ree : Nat. Undersea Res. Prog. Res. Rep. 88-5. 

Mit . R.. and |. Chet. 1975. Bacterial attack of corals in polluted seawater. Microb. Ecol 2227-2448 

Mizrachi, D.. R. Panmer, and F. Panmer. 1980. Assessment of salt resistance mechanisms as determinant 
parameters of zonal disinbution of mangrove species. |. bffect of salinity stress on 

nitrogen metabolism balance and Enon synthesis in the mangrove species Rhizophora mangle and 


Moe, M. A. Jr. 1963. A Survey of Offshore Fishing in Flonda. St. Petersburg: Mlonda State Board of 
ion, Laboratory, Prot. Pap. Ser. No. 4:1-117. 
M. D., and M. J. Durako. 1987. a et ive tology of the tropical nee seagrasses of the 


Moffler, 
United States. In Proc hgh y eye ot wg the southeastiorn (nied 
ed. M. Durako. RK ities. and nd R Lew. 77 Res. Pula. ©. 42. St. Petersburg, 

Moffiler. M. D., M. J. Durako, and W. F. Grey. 1981. Observations on the reproductive coology of Thalaswa 
testudsruum Hydrochantaceac). A Bot 10:183-187 

waCr oe 1960. A coral reef in the Gulf of Menco. Bull Mar Sci Gulf Canbh 


10: 
Morse, J. W., J. DeKanel, and K. Harns. 1979. Dissolution kinetics of synthetic aragoniie and picropod tests 
M fm 5 Sot icons eee of tated { 
ucc, / . Growth kunetics and tion of magnesian calciic « wihs rom scawatcr 
npheapha ions. Geochum aanachio, Acts 0 bss Tos 
1972. Svmposmm on corals and coral reefs: Coctun, Indias The Marine 


Murali, F. S. 1982 Tero-enetay coast. In The encyeloy cdia of beaches and coastal environmen. od 
M. L. Schwartz, 883. Stroudsburg: Hutchinson Koss Publ 

Muscatine, L. 1980. Productivit yk zooxanthellae. In Pamary Producuvity in the Sea, od P balkowsks, WI 40. 
New York: Plenum Pubi. >, 

Muscatine, L., and J. W. Porter. Reef corals: mutualistic symtvosis adapted to nutinent poor 


environments. BioScience 27:454-460. 

National Academy of Sciences. 1974. The of herbicides in South Viemam Pan A Summary and 
conclusions. Washi . DC: Nat Academy Press 

wn ty t+: eT ee ee GEE Cp SG cate < Ce 


Gane Sart. Le Oceanog. 11:92-108 
Newnsan A. C., and M. Ball. 1970. Submersible observations in the Straits of Ponda geology and bottom 


currents. Bull Geol Soc. Am. 81:2861-2874. 
Neumann, A. C., J. Kofoed, and G. Keller. 1977. Lithoherms in the Straus of Honda. Geology 5 4.10 
Newbould, P. J. 1967, Methods for esumaung the primary producuon of forests. IBP Handbook No 2 Ontord 
Blackwell Scientific 


148 


Coastal and Nearshore Communities 


Nobel, P. S. 1980. Leaf anatomy and water use efficiency. In nal ae © waar ane bermpeTatiare 
sivess. cd. N.C. Turner and P. J. Kramer. New York: Joha 
Odum, 11. T. 1963. Productwny ~°csurements im Texas ie aun a the etfects of dredging an miracoasial 


channei. Publ Inst Mar. Sc. ivr. 948-58. 

Odum, W. E. 1969. The structure of detntus-based food chains m a South Flonda mangrove system. Ph.) 
diss. Une. of Miami. 

Odum, W. b. 1970. Uulzation of the direct ng and detritus food chains by the sinped mulict Mug/ 
cephalus. in Procecdings, Svmposuum on Manne Food Chains, od. J. Steciec, 222-240. 

Odum, W. bk. 1971. Pathways of energy flow in a South ou atae. Sea Grant Tech. Bull. No. 7. Coral 
Gables: Unw. of Miami. 


Odum. W. E.. and R. E. Johannes. 1975. The response of mangroves to man-induced environmenial stress. In 
Tropical manne pollunon. od E. J. Ferguson-Wood and R. E. Johannes, $262. Elsevier Oceanography 
Senes No. 12. Amsterdam: Elsevier Scientific Publ. Co. 


Odum, W. E.. C. C. ean and T. J. Smith, il. 1982 The ecology of mangroves of South Flonda: 
4 community profile FWS/OBS-81/24. Washington, DC: US. Fish and Wi Service. Office of 
logical Services 
Odum, W. E.. J. C. Zeman, and E. J. Heald. 1973. The importance of vascular pliant detnius to estuanes. In 
Proceedings of the Second Coastal Marsh and Estuary Management Symposium, 9\-114. Baton Rouge: 
Opin SC tan Foonal one scagrass In Handbook of bu 
aunal relat in Canbbean beds. seagy ass 
ecosvsierm we, od. RK. C. and C. P. . 173-198. New York: Garland STPM. 
Ogden, J. C., and P. Lobel. 1978. The role of herbworous fi and urchins in coral reef communities. 
Environ. Biol Fish 349-63. 
Cyoem. eer eae ee ond Gattiation of shallow-water gorgomians in the area of Miami, Flonda Bu// 
ar. Sei 35-SS8 
a S H., and FE. W. Pfeiffer. 1970. Ecological effects of the war im Vietnam. Science 108-544-554 
meee Rand L. Boral. 1964. The flowers, fruits and seeds of Thalasma sestdinwn Koni Bull Mur 
14: 
Or. R J., and J. van Monttrans. 1984. ibe relationships with an emphasis on the role ol 


ae A review. A Be 
On, J. Lewis, Jr. ape a w cord ret predators Caretigghe aiivntan | (Lamarck) and the 
polychaete Hermodice c guneuiens (Peles @ soe a, 1650. 
Panmer, F., and R. F. Pannier. 1977. Interpretacion fisioecologica See do to Gawtbuden de mangliares en las cosias 
P cui DG. 1972. The of 3 ott Thalassia 
atnquin, nit and marine angiosperm 
" anedian. Mar. Biol. 15:35-46. 
Patnquin, D. G. 1975. “Migration” os eneate © Caen Se Satates end Coteene, Wass Uae, ane Oe 


guin, BG Grand. Rowen 197 Aquat. Bot 1:163-189. 
var © 1972. D Nircgen fixation in the rhizosphere of manne angiosperms. Mar. 


Patton, W. K 1907. Studies on Domecia acanthophora, a commensal crab from Puerto Rico, with particular 
P awk 197 —p tt -yr-yh As a> aad dakay af oxal agp, of. ©. 
attoa, 6. Animal associates of C 

A. Jones and R. Endean, 3.1-36. New York: Academic Press. 
Pearson, R. 1981. Recovery and recolonization of coral reefs. Mar. Ecol. Prog Ser. 4105-122. 
Peters, E. 1984 cee CREE an oes Gone Ome and disease in Caribbean Scleractinian 


Peters ECC Halas and H. D. y. 1986. Calicoblastic in Acropora | pews 


» E) Opranay. Invenebr 
Petersen, C. J. G. 1918. The sea 
connection with the valuation of Danish waters from 1883 
Peterson, P. J.. M. A S. Burton, M. Gregson, S$. M. Nye, and E. 
1 


Pipa HC in West Malaysia. Sci. Total Environ 11: 


D. J. ad S. yay 

oe A peed ety yee Internanonal Symposusm on Biology and Peet, 
. ed. G. Walsh, P sedeher and H. Teas, 213-237. Gamesvilie: += Food anagem of Mang Uni 

J., S. C. Snedaker, and A. E. Lugo. 1977. Structure of mangrove forests in Flonda, Puerto Rico, 


‘Mexico and Costa Rica. Biowopica % 3):195-212 
Popp, M.. and J Polania. (no date). Compatible solutes in different organs of mangrove trees. Unpub! 


Porter, J. W. 987. Species Life histones and environmental requireinents of coastal fishes and 
iavertebeates (South Florida). Reef building corals U's a gh 41 Pe 
Porter J. W., L. Muscatine, Z. Dubinski, and P. Falkowski. 1984. Primary production and a & 

> Arde ~adapted colomes of the symbiotic coral. Syylophora pumilata. Proc R Soc 
Powell, G. V. N.. W. J. Kenworthy, and J. W. F 1989. evidence for nuinent limitation 
of growth Tr 2 setuaty With seumcted cinceletion Indl Mar Sci. 44:300-360. 
Pulich. W. M., Jr 1985. Seasonal growth dynamics of Ruppia manna Ls. and Halodule wnghai Aschers. in 


Ramos, H. 1983. Lower manne f associated with the black disease in star coral Montastraca 
annulars. Biol Bull 165(2):429-435. 


149 


Coastal and Nearshore Communities 


mani, © M1065. Gouing effect on exe grates by hevtivascus cont Gihes to ths Was ladies. Eootegy 


Randall, J. E.. R. E. Schroeder, and W. A Starck Il. 1964. Notes on the biology of the echinoid Diadema 
antillarum. Caribb. J. Sci. 4:421-433. 


mT Te my ty ee Insernanonal Coral 
Reid GK 1956 ‘ Aa elope sy a dy of the Gull of fishes. ‘the cciainy of Coder Key Florida. 
; r. in 
Richardson, ©. PF Doste Dustan. and J. of living space by sweeper tentacies of M 
OnlasiTace 
__ ¢avernosa, a Caribbean reef Mar. Bio 35 181-185. ad 
Ree, Ee ane 5. ee 1978. Aspects of bioerosion of modern Caribbean reefs. Revia Biol Trop. 


, D. Walker, and H. Hudson. 1982. Cold water stress in Flonda Bay and 
Bahamas: A product of winter frontal passages. J. Sediment Petrol $2:145-155. 
anaes, & Toes. Sener 1 nO SEMEnaD see Gavan oo Cy CHIE, GUD CGE CbesERED to qqusbletic 
prosobranch gastropods. Pac. 24:43-54 
Roessier, M. oe 2 ES Ce See & Ge pegetatens eaten ty etter want & Sinyus Sey. 


=) 

, , . Garcia. 1974. Studies of effects of thermal pollution in 
Biscayne Bay, Flonda. Proc. Gulf Caribb. Fish. Inst. 22:136-145. 

Rollet, B. 1981. on mangrove research 1600-1975. Pars: UNESCO. 

Rose, i . Increase in Cliona deliaix infestation of Montastrea cavernosa heads on an 


organically ically polluted portion of the Grand Cayman fringing reef. Mar. Ecol 6:345-363. 
osenteld, J. K. 1979. Interstitial water and sediment chemusiry of two cores from Flonda Bay. J. Sedimmen:. 
The 


black band disease of Atlantic reef corals. |. Descnption of the 


Mar Ecol 44).31-319. 
Ritzer KD Semtavy ond A pe yoR3. The black band disease in Atlantic reef corals. II]. Distributwon. 
Sammarcor®. W. 1980. Diadama and is relationship 10 coral spat mortality nd 
marco, F. W. ; its coral spat grazing, competition, a 
biological disturbance. J. Exp. Mar. Biol. Ecol. 45:245-272. 
| a i (Echinodermata: A preliminary st Mar. 2:47. 
Sand-Jensen, K. 1977. Effect cpighytes on a ana or 355-63. 
Schmahil, G. P. 1984. In ecoion ofthe South Fan reefs: A community profile, od. W.C. 
— 37-40. U.S. Fish and Wildlife Serv. 
. P. F. 1968. desalinate water. D. Bendstrece, 1904. Hydrostatic 
Scholander, P. F. D. Bradstreet. | 
Proc. Nail mt ced Sei U. USA $2 119-125 
curve revised: lis ‘fetation to 
al characterization the lower Everglades, Flonda Bay, and 
iid. Serv. Serv. Program EWSIOBS 4298 1 
. Corcoran. 1969. Surface slicks as concen concentrator of pesticides in the manne environmen! 


4 Spur and groove formation on the Flonda Reef tract. J. Sedimens, Powel. 33.291-303 
a 


eg 
bet 


: 
= 
8 


| 
E 
it 


: 
i 
rhe 
i 
~ 


ti 
ay 


eae fs 
25 

i 

th 

i 


: 
= 
: 
: 
$ 
s 


l 
1 
1976. a ersian » oe 
1980. Geologic history Seecn Tete, Cay Calg Clee Uae Tia Seastaasy Bull Mar. Sei 
> vanations within the Flonda reef tract. Paper 
Atlantic Reet Committee and the Internationa! 

Miami, Miami, FL. 

Fron, 3446-53. 

. M. Robin, and B. Lidz. 1981. Spur and grooves revisited: construction versus 
of the Fourth Inernanonal Coral Reef Symposmum. \ 475-484. Quezon City, 
L. 


t . and J. H. Hudson. 1989. A : Reefs of Flonda and the Drv 

Yorges Westin. BC The th Imernstonl Cosapen Clg 

Simkiss, K. 1964. Phosphates as crystal of calcification: Biol. Rev 39-487-50S 

Skinner, R. H., and E. F. Corcoran. 1 John Pennekamp Coral State Park Assessment of water qualin 
data from five stations. Voll, Nov. 1982 through Dec. 1984. T. : Plonda Department of Natura! 


C. L., and J. C. Tyler. 1975. Succession and stability in fish communities of dome-shaped patch rects in 
he West Indies. Am Mus Novia 2572:1-18. 
Smith, H. a Wg tye aha Fish Commer 17.225.240 

VW. R. E. Brock. and T. W. Waish. 1981. Kaneohe Bay Sewage 


Pr rr : 


the Evergiades to Flonda Bay A histoncal reconstruction based on fluorescent handing in the coral 


—yqeq yi HI. On ae 
Snedaker, S. C. Mangrove Zonation . SCIENCE, ONTOS bo 
Soy a “ed 'D. N. Sen and KS. RK cnn Mite3. The Hague: Dr W Junk Publishers 
Snedaker, S. C. 1984. _A summary’ ot knowledge wih emphass on ain In Manne gy arte 
Ae oP oe cae Fem, . B. U. Hag and J. D. Millman, 255-202. New York 
Van | Co. 
: ee ee 


Sei 
Snedaker, S. C.. . §. Brown. 1981. Waser ecosvsiem dvnarmucs EPA 4004-81 22 
Gulf Breeze, FL: U.S. Environmental Protection = gay ~t— Research | aboratory 


| 
| 
| 


: st A seh 
ates 


CHET 
THRE PEE Sta 
HEE ECE EE 
A tt iti b 
eee iiifil ia gil este: pen 
Oe Ee 
3 : : Hie < 4 Le al : Sd: - ; 5 ti 
RO eard a | E  a 
cued etapa | ERE) a pce the 
mtb lt F Bx a it Mian rH 1 i 
‘ pe ete bale 
sat rid Sans a 
Vavuniveiiiw ie A 


Dade County Commission. Univ. of Miami. Coral 


Lamarck. 


Workshop. ed 
heavy metal nnc and lead on Rhwzophora mucronata |.am and 
grass beds of 


Proceedings, Anan Mangrove Svmposuum 25 9 Aug 1980. ed 


1981. Effect of 
In 
Mar Sci 


ecasvsiems in Australia 


‘ork. 1961. Effects of Hurncane Donna on the turtic 


Gulf Canbb. 11.191-197. 


Seagrass community dynamics in a subtropical estuanne lagoon 


seedlings 
. Moore, and 
M. A Roessler 1977 


ton 


MY 


151 


Coastal and Nearshore Communities 


Tomascik, T.. and F. Sander. 1985. Effects of eutrophication on reef-building corals: |. Growth rate of the 
reef-building coral Moniaswoca anvwlans. Mar. Biol 87.143-155. 

Tomlinson, P. B. 1978. Branching and aus differentiation in tropical trees. In Regios gee as Gring Quran. ed 
P. B. Tomlinson and M. H. Zimmermann, 187-207. Cambridge: niv. Press. 


Tomlinson, P. B. 1980. Leaf and anatomy in seagrasses. In HH biology: An 
ecosvsiem oA RC and C. P. McRoy, 7-28. New York: Garland STPM Press 

Tomlinson, P. B. 1986. The botany of mangroves. Cambridge: Unwy. Press. 

Tnpp, M., and R. C. Harnss. 1975. mangrove vegetation in mercury cycling in the Plonda Everglades 
In Environmenial Vol 2 Metals wansfer and ecologcal mass balances, od. J. O. Nragu. 


489-497. Ann Arbor Ann Arbor Sci. Publ. 
Truman, R. 1961. The eradication of mangroves. Aust. J. Sci. 24:198-199. 
Tschirley, F. H. 1969. Defoliation in Vietnam. Science 163:779-786. 
eer 7 7 oO and propagation of the stony coral Acropora cervicornis. Proc. Natl Acod Soi 
LSA. 78: -@A3l. 
var E. i Intertidal vegetation and commercial yields of penaeid shnmp. Trans. Am. Fish 
; 411-416. 


Tursch, B. 1 re & 0 oe Cd Datyny Ganga by 0 eh cnet Lyon wes 
. &11)1421-1428. 


Twilley, R. R.. AE. Lugo, and C. Patterson-Zucca. 1986. Litter production and turnover in basin mangrove 
forests in Southwest Plonda. Ecology 67(3):070-083. 

Vaughan, T. W. 1911. Recent Madreporana of southern Florida. Carneme Inst Wash Year Book 8.135.144 

Vaughan. T. W. 1915. The geotopical ‘Sgpteeees of the growth-rate of the Flondian and Bahamian shoal-waicr 
corals. J, Wash Acad Sci. $591 400. 

Vaughan, T. W. 1918. The ure of the Flonda coral reef tract. Carnegie Inst Wash Publ. 213.321.3539 

Vaughan, T. W.. and J. W. Wells. 1943. Revision of the suborders, families, and genera of the Scleractinia 


Geol. Soc. Am Spec. Pap. 44:1-363. 
Vazquez, M. A. 1983. ects of umpounding on a mangrove forest. M.S. thesis, Univ. of Flonda 
Verhoeven, J. T A 1975 remy ma im the Camargue, France. Distnbution and structure in relation 


the on al al the southeastern United States, od 
M. Durako, &. Philip and Rr Loum. BD.lie Flonde Mor Ret. Pott No: a2, Su. Pet FL. 
S. Mi K. D. Cairns, and M. A Capone. 1983. beds vs. sand bottoms: the 
foc . 


Te ee & See enemas Sot invertebraics. Fla Sci 46:363-381 

Voss, G. L. 1973. Sickness and death in Plonda’s coral reefs. Nat Hit 82:40-47 

Voss. G. L. 1976. Seashore Life of Flonda and the Canbbean. Miami: E.A. Seemann Publi. Co. Inc. 

Voss, G. L. 1983. An environmental assessment of the Key Largo Nauonal Marine Sanctuary. Report prepared for 
=. Manne Sanctuary Program Office, National Oceanic and Atmosphenc Admunisiration, Washington. 

Voss, G. L. 1988. Coral reefs of Florida. Sarasota: Pineapple Press. 

Leena) ge gh og om Bay phn ag a Fionda fauna. Coast. on , Cones nag _ 
a , : A review. In ec . ed. R. J. Rewmold . Queen 
Rew Yost: Mangroves. ology of halophytes 

Waish, G. oe ond ©, See. 1972. Composition of Thalassa testudinum and Ruppia manuma. QJ fla 

Waish, G. E.. K A Ainsworth, and R. Rigby. 1979. Resistance of red mangrove (Rhizophora mangle |.) 

i wo lead cadmium. and mercv @ 11(1):22-27. 
Waish, G. E., R. Barret, G. H. Cook, and T. A Hollister. 1973. Effects of herbicides on seedlings of the red 
yy tr fe 23.361 -364. 

Walsh, G. E., T. A : , aaae ©, (evens. UTS. egameaation of Cour eopnanettesins compeunds by ced 
aes mae & seedlings. Bull. Environ. Contam. Taucol. 12(2):129-135. 

Walton, K.. W. M. Williams, M and L. A Roesner. 1985. Coral reef modeling: Key Largo case 
yg yy 

Warme, J.E. 1975. Borngs as trace fossils. and the processes of marine bioerosion. In The Sady of Trace 
Fosmls, od. R.W. Frey, 181-227. New York: Springer: Veriag 

ee Ee ee aan @ Oe Eley . Malayan Forest. Rec. No. 6. Singapore: Fraser 

Webb, K L.. W. D. Du Paul, 


Wiebe, W. Sottile, and R. E. Johannes. 1975. Enewetak (Eniwetok) Atoll: 


Weinstein, M. P.. and 1979 Ichthyofauna of seagrass meadows along the Canbbean coast of 
Panama and in the Gulf of Mexico: composition, structure and community ecology. Mar. Biol $0.97-107 
. 1980. Reversal of digestive interactions between Pacific reef corals - mediation by sweeper 


tentactes. 47:340-343. 
G expermenial analysis of the effects of light and zooplankton on coral zonation 


Wells, J. W. 1956. Scteractinia. In Treanse on wwvertebras paleontology od. R. C. Moore, F328-F334. Manhatian 
Gontagianl Soatety of Aanevies 006 Univ. Kansas Posts. 
ecology and paleoecology, Vol 1, Ecology, od. JW 


Wentlahe, D. F. 1963. Comparsons of plant productivity - Biol Rev. 38: 385-425. 
Wethey, D.. and J. Porter. W716. Sur aed shade diflerences in ity of reef corals. Nanuwe 262 281-282 


C. M. 1980. Detection, pursuit and overgrowth of tropical gorgonians by muillepond hydrocorals, Perseus 


152 


Coastal and Nearshore Communities 


Wheaton, J. L.. and W. C. Jaap. 1988. Corals and other prominent benthic Candana of Looe Kev National 
Manne Sanctuary. Hlonda. Hla Mur. Res Publ 431 2S 

Whitaker, R. HG. b. Likens. and H. Licth. 1975. Scope and se of thes volume. In Pamar producti 
of the biosphere. od. H. Licth and Ro 11 Whittaker, 3S. New York: Sprnger-Veriag 

Wiginton. J. R.. and C. McMillan. 1979. Chiorophyll composisen under controlied hight conditions as related 1. 
the distnbution of scagrasses on Texas and the US. Virgin Islands. Aquat Bot 0 171-184 

a. AS — C. P. McRoy. 1982. Scagrass praductiwty: The cifect of ght on carbon uptake Aquat 

. Le32-3 

Wilson, J. 1979. “Patch” a of the deep-water coral Lophela pertasa (1) on Rockall Bank J Maur 
Biol Assoc. U. K $9 108-177 

Windhorn, S.. and W Langiey. 1974. Yesterday's Flonda Avs. Miami FA Seemann Publ. Co 

Wood, E. J. FW. E. Odum. and J.C. Zieman. 1909 Influence of scagrasses on the productivity of costal 

Ini Costeras: Un Sunposso Mem Sunp. Iniem, 495-502. Moaco. UNAM-UINESCO 

Woodley, J. et al. 1981. Llurmcane Allen's on Jamaxan coral reets. Scxence 2114 749-755 

Woodward-Clyde Consultants and Cont Shell Associates, Inc 1985S. Soushwest Honda shelf ccossicms 
study - Year 2 New Oricans: US. | ment of the Intenor, Mincrals Sernice 

Wulff, J. 1984. Sponge meuiated coral growth and reyuvenatwon Coral Recfs \ 4) 157-104 

Wulff, J.. and L. Buss. 1979 Do sponges hold coral reets together’ Nanuwe 281 474.475 

Yokel. B. J. 197Sa. Rookery Bay land use snades: envwonmenial planning swaieges for the development of 4 
mangove shoreline. Ustuanne thol SW on DC Conservation Foundation 

Yokel, B. J. 197Sb. A companson of anual ¢ and dsinbunon in surular habuats mm Rookery Bay, Mor. 
Island and Fakahaichee on the southwest coast of Honda Prewmuinary report trom Rosensucl School ot 
Manne and Aimosphenc Science to the Deltona Corp. Miami, 11 

Yonge, C. M. 193). Studies on the physiology of corals. |. Fooding mechanisms and tad Sea Rep Cireui 
Barner Reef Exped. 113-87. 

Yonge, C. M. 1963. The ology of coral reets. In Advances in Manne Biology, od Vo Russell, 1 208 let) Now 
York. Academic Press 

/eiller, W) 1974. Tropical manne invenichraics of souhoa Honda and the Bahamas islands New Vouk Solin 
Wiley and Sons. 

Zieman, J. C. 1972. ¢ of curcular beds of Thalassa (Spermatophyta. Livdrochantacea) in south Hiscaynn 
Bay, Flonda, and thei relationship to mangrove hammocks. Hull Mar. Ser 22$99.874 

Zseman, J. C. 197Sa. Quantitative and dynamic aspects of the ccology of turtle grass, Thalassia tesmadinwn | 
; Research, Vol 1., od. L. E. Cromm, $41-S02. New Yorks Academe Press 

Zieman, J. C. 197Sb. Seasonal vanation of turtle . Thalassia testudinum | Rorng), with reterence to 

. ure and salinity effects. Aquat Bot 1107-123 

Zieman, J. C. 197S¢. La ey seagrass ccosysiems and pollution. In Tropical manne pollunon, od 
E. J. F. Wood and R. E. Johannes, Chapter 4. New York: Flsewer Publ. Co 

Zieman, J. C. 1976. The effects of physical damage trom motor boats on turtle grass beds in southern 

2 way aM 9 2127-139. 

weman, J. C. 1982. ec ology of South Flonda: A communi profile UWSOWS R225 

WwW . dC: US. 1h tae Wildlife : . Biological Services Prqrum 

Zieman, J. C. 1987. A renew of certain aspects of the life, death, and distntwion of seagrasses of the 
southeastern United States 1960-1985. In Proceedings of the symposium on sebtropacal wopwcal scagrasscs +! 
the southeastern United States, od. M. Durako, R. Phillyps, and id Loews, $3.76 Plomda Mar Kes. Pull 
No. 42. St. Pet . FL 

J. C., and R. G. Wetzel. 1980. Methods and rates of productivity in seagrasses. In Handbook of 

Seagrass —- ed. R. C. Phillips and C. P. McRov, 87-116. New York: Garland ST?M Press 

Zieman, J. C., and E. J. F. Wood. 1975. Effects of thermal pollution on tropical-tivpe estuanes, with emphases 

on Biscayne Bay, Honda. In Tropical manne pollunon, od. U. J. Ferguson Wood and Kb Johannes, 


7 5S. New York: Elsewer Pull. Co. 
Zieman, J. C., and R. T. Ziceman. 1989. The ecolow of the seagrass meadows of the west coast of Honda 


ma US. Fish Wildl. Serv. thiol. np &5(7.25). Washington, DC 
C.J ourqurean, os R. L. Iverson. | Distnbution, abundance, and productivity of 
seagrasses and macroaigac in Plonda Bay. Bull Mar Sci 44292 311 
> R. L. Iverson. and J. C. Ogden. 1984a. Hertwory effects on Thalassia tesmdinum beat growth 
and nit content. Mar. Ecol Prog Ser. 15:151-158 
7ieman, J. C., R. Orth, KR. C. Phillips, G. , and A. Thorhaug. 1984b. The effects of oil on scagrass 
coosysiems. In Recovery and resiorauon of manne ecosvsems, od. J. Cauns and A. Huikema, Ch 2 .\nn 
Arbor Ann Arbor Press. 
Zieman, J. C., G. W. . M. B. Robbice, and R. T. Ziemann. 1979. Production and export of seagrasses 
from a tropical bay. In Ecological processes in coastal and manne svsiems. od RK. J. | wingston, 21 Mo New 


Zieman, J. C., J. F . M. Robbiee, M. Durako, P. Carison, D. Porter, R. Zeman, |. Muhelstem., and 
G. Powell. 1988. A catastrophic dic off of m Mlonda bay and Ivergiades National Park | xtent 

effects, and sal causes. Eas Trans. Am Geophys. Umon oF 1111 

Zimmerman, M. S.. and KR. J. Livingston. 1976. Seasonality and physico-chemical ransss of benthic macrophy ics 
from a North Plonda estuary yaa Hay). Cond Mar Sci 20-44-45 

7iatarski, V.. and N. Estaleiia. 1982. Les Scleracumuaies de Cuba Avec des Donneces aa bes Organs Aon iv 


Sofia, Buigana. del Academic Bulgare des Sciences 


153 


BLAIS PAGE 


Zs 4 


CHAPTER 5 
OFFSHORE BENTHIC COMMUNITIES 


Neal W. Phillips and M. John Thompson 


rrr rrr rrrrerrerererererrrrr ie 15S 
Ft PPPS TTPETETEPerrrrrrreresereeeereereerererrrre 156 
Early Studies 2... eee eee 156 
Recent Studies 2... eee 157 
PACD cccceeecesecececeseeeeteeceseoeees 157 
4 Ferree eerrerrrerrerrrrrrerrre 157 
Southwest Florida Shelf Ecosystems Study .................. 157 
Southwest Florida Shelf Nearshore Benthic Habitat Study ....... 159 

Other Reflovant Studies 0... ccc ccc cc ccc cece cccccccess 159 
DISTRIBUTION OF BENTHIC HABITATS .... 2.26.66 c cece ee eeees 159 
DR EEE cc ccccecc cee r ese ee eee ceeeeseseeesecces 161 
UNMET TIED ccc ccc ccc ccccccccccccceccececccccecs 162 
—i isd ss i rr ee 162 
Southwest Florida Shelf 2... ee 162 

Straits of Florida Shelf... 2... eee 167 
COMMUNITY DESCRIPTIONS .. 2.0... 6c cece eee ween eennes 168 
Hard Bottom Communities .... 2... 6. ee eee 168 
Macroflora and Sessile Epifauna .... 2... 6.6 eee 168 

Motile Eplfeuns 2... cc ccc ccc ccc cccccccccsccscccces 177 

Soft Bottom Communities ... 2... wees 178 
PEED ccc ccccccc cece ses eceeseeecscescoooese 178 
Macroepifauna 2... 0... ce eee eee eee eee eens 184 

EEE ccccccc cee cers ceneceeeeceeecnsecceoneeces 185 
CONCLUSIONS 2... ccc cece e cere eee eee eens eeeeeeeeees 188 
REFERENCES CITED .. 1... cc ccc ee eee eee eee e ee eenes 191 

INTRODUCTION 


Offshore benthic communities of the continental shelf (water depths of 10 to 
200 m) have not been studied as well as South Florida's coastal and nearshore com- 
munities, such as mangrove forests, coral reefs, and seagrass beds. From the perspective 
of this study, the offshore communities are important because they might be more 
directly affected by drilling activitics in Federal waters. 


A community is an association of interacting populations, usually defined by the 
nature of their interaction or the place in which they live (Rickicfs 1979). In coral 
reefs, mangrove forests, and Thalassia seagrass beds, a few species provide the habitat 
Structure and are the focus of community interactions. benthic communitics 
are not so neatly defined; most often, communities are recognized according to habitat 
type (¢.g., soft bottom, hard bottom) and sampling methods (¢.g., macroinfauna by box 
coring, fishes by trawling) rather than by the presence of a dominant specics. 


Among U.S. continental shelf environments studied in recent years, the Southwest 
Florida shelf is unusual in several respects. The sediments and the underlying rock are 
almost entirely carbonate, reflecting the fact that the Wes: Florida shelf has been cut off 
from the terrigenous sediment load of the Mississippi River since Jurassic time (roughly 
150 million years ago) (Ginsburg and James 1974). The sand veneer over bedrock is 
thin, particularly near shore (where many patch reefs are scen) and over ancicnt, 
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The climate is favorable for tropical species, with near-bottom temperatures at 
of the time (although occasional winter cold fronts have been 
known to kill reef fishes and invertebrates in shallow water). The availability of hard 
substrate, the favorable climate, and the proximity to sources of colonizing reef biota 
help to explain the presence of a diverse sessile epifauna, including many species of 
corals and sponges commonly found on reefs in the Florida Keys and the Caribbean. 


Areas of dense sessile epifauna on the continental shelf are often referred to as live 
bottom. The term was coined by scientists to describe such areas on the 


and ecologically important species of fish (Darcy and Gutherz 1984). The Mincrals 
Management Service (MMS) considers live bottom areas to be valuable and sensitive to 
oil- and gas-related activities, and accords them special protection under lease stipula- 
tions (MMS 1987).' This topic is discussed at the end of the chapter. 


DATA SOURCES 


This chapter focuses mainly on the offshore benthic communitics of the Southwest 
Florida shelf north of the Florida Keys and the Dry Tortugas, where ficld studies have 
recently been compicted by the MMS. Less information is available in usable form for 
the shelf between the Florida Reef Tract and the Straits of Florida. Although many 
trawl samples have been collected from this area, particularly by University of Miami 
researchers aboard the R/V Gerda, the samples have been analyzed by individual 
taxonomists (usually students for dissertation or thesis projects), and no synthesis or 
ecological overview is available. 


Nearly all of the information available for offshore benthic communities in the study 
area is descriptive; little information is available about ecological relationships. As 


noted by Rabalais and Boesch (1987), many of the biology of continental shelf 
benthos are not as well understood as those of littoral zone and the deep sca. 
Early Studies 


The first benthic sampling in the study area occurred in 1867 and 1868, when Count 
L. F. Pourtales dredged between the Florida Keys and Cuba during cruises of the U.S. 
Coast Guard survey ships Bibb and Corwin (Galtsoff 1954; Staiger 1970). The samples 
yiclded many new species of corals and echinoderms. Subsequently, dredge samples 
were collected in the Straits of Florida and on the West Florida shelf during cruises of 
the steamers Blake (1877-1880), Albatross (1884-1890), and Fish Hawk (1901-1902) 
(Agassiz 1888; Galtsoff 1954). Researchers from Harvard University and the University 
of Havana trawied in the Straits in 1938 and 1939 aboard the R/V Adaniis out of 
Woods Hole (Staiger 1970). Beginning in 1950, the Bureau of Commercial Fishcrics 
conducted an exploratory fishing program that included about 100 stations in the Straits 
of Florida; however, the material was distributed to various taxonomists, and no 
ecological overview of the results is available (Staiger 1970). 


Early studies provideu a prliminary indication that the shelf in the study arca 
harbors many types of reef epibiota. It was not until more recently that systemacc 
sampling efforts confirmed and claborated on those findings. 
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Offshore Benthic Communities 


Recent Studies 
Hourglass Cruises 


The first intensive sampling of offshore benthos on the West Florida shelf began in 
1966 with the Hourglass Cruises, which covered the region north of the study arca 
between Tampa Bay and Sanibel Island (Joyce and Williams 1969). Monthly dredge and 
trawl samples were collected between 1965 and 1967 as part of this study, and the 
results for various taxonomic groups continue to appear from time to time in a serics of 
papers published by the Florida Department of Natural Resources, Marine Research 
Laboratory. Lyons (1979) devised a zonation scheme for West Florida shelf fauna on 
the basis of Hourglass mollusc collections. 


MAFLA Study 


From 1974 to 1978, the Burcau of Land Management (BLM) funded the 
Mississippi-Alabama-Plorida (MAFLA) studies, which included trawl and box core 
sampling off Charlowte Harbor and Naples (Dames & Moore 1979). The data from this 
study were compiled in a final reports, including chapters on macrocpifauna (Hopkins 
1979), as well as macroinfaunal crustaceans (Heard 1979), molluscs (Blake 1979), and 
polychactes (Vittor 1979). None of the MAFLA Stations are in the study areca. 


Southwest Florida Shelf Ecosystems Study 


Between 1980 and 1987, the U.S. Department of the Interior funded a serics of 
environmental investigations known collcctively as the Southwest Florida Shelf 
Ecosystems (SOFLA) Study. The study area extended from Charlowe Harbor to the 
Dry Tortugas, and from water depths of 10 to 200 m (Figure 5.1). Ficid sampling 
began in October 1980 and continued through December 1985. A literature search-and- 
synthesis project followed in 1986 and 1987 (Environmental Science and Enginccring, 
Inc. et al. 1987). 


There were two main clements to the study: habitat mapping and benthic station 
sampling. Sampling methods are detailed by Woodward-Clyde Consultants and 
Continental Shelf Associates, Inc. (1985), Danek and Lewhel (1986), and Continental 
Shelf Associates, Inc. (1987a). Water column sampling was also conducted but ts not 
discussed here (sce Woodward-Clyde Consultants and Skidaway Institute of 


Oceanography 1983). 


To characterize substratum types and benthic communities on a broad scale, 
14 transects (Figure $.1) were surveyed geophysically (side-scan sonar, subbottom 
profiler) and visually (underwater video and still cameras). Two ailases were preparcd 
to illustrate the results (Woodward-Clvde Consultants and Continental Shelf Associaics, 
Inc. 1983; Continental Shelf Associates, Inc. 1985). One cross-shelf transect (E), two 
short transects near the Dry Tortugas (M and N), and portions of three other transects 
(D, G, and K) are located in the current study area (Figure 5.1) 


Fifty-five stations were sampled two, four, or more times during the study 
(Figure 5.1). Water depths ranged from 10 to 160 m. Twenty-six stations were located 
in areas of dense sessile epifauna and are referred to as live bottom stations, these were 
sampled remotely by dredge, trawl, and underwater video and still cameras. Some live 
bottom stations were sampled more intensively with im situ arrays during 1984 and 1985 
(Danek and Lewbel 1986). Twenty-nine stations located in arcas of sparse sessilc 
epifauna were sampicd for macroinfauna and sediments. Trawl samples were also 
collected at some of these stations. 
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Figure 5.1. Stations (1 to 55) and transects (A to N) sampled during the So.:thwest Florida Shelf Ecosystems Study (From: 


Environmental Science anc: Engineering, inc. et al. 1987). The heavy, solid line is the study area boundary for 
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Offshore Benthic Communities 


Southwest Florida Shelf Nearshore Benthic Habitat Study 


A more recent MMS study (1987-1989) used a combination of acrial and shipboard 
surveys to map habitat distributions from shore out to a depth of 4) m. The acrial 
overflights covered much of the inner Southwest Florida shelf, as well as Florida Bay, 
parts of the Florida Keys, and the Dry Tortugas. A number of stations were sampled 
photographically by divers, and transects were surveved by towed divers or underwatcr 
television (Figure §.2). The main goal of the study was to map benthic habitats in areas 
that had not been surveved during the previous MMS study. The study also focused on 
the distribution, seasonality, density, and depth limits of the seagrass Halophila decipiens 
(Continental Shelf Associates, Inc. 1989). 


Other Relevant Studies 


Since 1962, extensive dredge and trawl sampling has been conducted in the Straits of 
Florida by University of Miami researchers during cruises of the R/V Gerda. Although 
several theses and dissertations have resulted from these collections (¢.g., Robins 1968; 
Devany 1969, Staiger 1970), no overview of benthic communities has been prepared 
(G. Voss, pers. comm. 1988, Univ. of Miami). More than 1,200 stations have been 
sampled, with about 60° in waters shallower than 200 m (Staiger 1970). 


Information on benthic habitats offshore the Florida Reef Tract is available from 
several studies. Submersible surveys conducted off Key Largo in 1973 by Harbor Branch 
Foendation investigators documented the presence of a deep reef seaward of Molasses 
Reef (Antonius 1974). Later, the submersible was used to survey deepwater habitats 
offshore of French Reef, The Elbow, and Carysfort Reef (in the Key Largo National 
Marine Sanctuary) in conjunction with a side-scan sonar and bathymetric survey 
(Jameson 1981). Results of submersible surveys of deepwater habitats off Looe Key are 
summarized by the National Oceanic and Atmospheric Administration (NOAA) (19580). 


Parker et al. (1983) surveyed large arcas of the South Atlantic and West Florida 
shelf with underwater television to estimate the proportion of reef habitat. Darcey and 
Gutherz (1984) summarized the results of trawl investigations north of the study arca; 
although the study was mainly concerned with fishes, some information was presented 
on the occurrence of "sponge bottom.” Intensive studics of pink shrimp populations 
have been conducted in and near the Tortugas shrimp grounds and the Tortugas 
Sanctuary (Costello and Allen 1966; Klima and Costello 1982). 


DISTRIBUTION OF BENTHIC HABITATS 


Two general types of offshore benthic habitats occur in the study arca: hard bottom 
and soft bottom. Over much of the Southwest Florida shelf, these habitats are inter- 
Spersed in a complex, patchy mosaic. 


Offshore hard bottom habitats in the study area usually consist of rock covered by a 
thin, mobile sand veneer; outcrops are rarcly scen and are usually <1 m in relief. 
Coralline algal nodules, algal pavements, and shell rubble provide additional hard 
Substrate in certain aicas. Where hard substrate is present, it is usually colonized by a 
diverse epibiota, including macroalgac, stony corals, octocorals, sponges, hydroids, 
ascidians, bivalves, bryozoans, and others. The assemblage is a mix of tropical and warm 
temperate specics. Because of the mobile sand veneer, many of these species are 
apparently tolerant to sedimentation and scour. 
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Figure 5.2. Stations and transects sampled during the Southwest Florida Nearshore Benthic Habitat Study (Adapted from 
Continental Shelf Associates, inc. 1989). The heavy, solid line is the study area boundary for this synthesis. 
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Offshore Benthic Communities 


Soft bottom habitats in the study area consist largely of carbonate sand. Two 
exceptions are near the mainland coast, where quartz sand occurs, and northeast of the 
Dry Tortugas and Marquesas Keys, where sediments are predominantly carbonate silt. 
Soft bottom habitats support macroinfaunal and macroepifaunal communities. On the 
inner shelf, many soft bottom areas are colonized by the seagrass Halophila decipiens. 
There is not enough ecological information to determine whether the Halophila scagrass 
areas constitute a distinct benthic community. This seagrass docs not structure the 
habitat in the way that nearshore Thalassia beds do, and its biomass is much less than 
that of the nearshore species (Continental Shelf Associates, Inc. 1989). 


Geologic Setting 


The distribution of benthic habitats on the Southwest Florida shelf is heavily 
influenced by two environmental factors: geomorphology and light. Geomorphology 
controls sediment thickness, which determines the availability of hard substrate for 
attachment of sessile epifauna. The quantity and quality of light reaching the bottom 
controls the distribution of photosynthetic species (¢.g., scagrasses and macroaigac), as 
well as those species containing zooxanthellae (e.g., many stony corals and octocorals). 
The importance of light is discussed later in this chapter. 


The geology of the Southwest Florida continental margin has been reviewed in 
Chapter 2. The shelf consists of a broad, gently sloping platform that is covered by a 
veneer of carbonate sand. The thickness of this sand veneer varies regionally and 
locally, producing a complex mosaic of hard bottom and soft bottom habitats. 


A major, partly buried reef complex (Pulley Ridge) occurs on the middle shelf, in a 
water depth of about 70 to 90 m. This feature is an important regional influence on 
benthic communities because it impounds sediments of the inner and middle shelf 
(Holmes 1981, 1985). As a result, the sand veneer generally thickens with increasing 
depth and distance from shore, out to the 60- or 70-m isobath (Woodward-Clyde 
Consultants and Continental Shelf Associates, Inc. 1985). Accordingly, hard bottom 
habitats tend to be more common in shallow water (10 to 20 m) and over Pulicy Ridgc 
(70 to 90 m) than in intermediate water depths (Phillips et al. 1990a). The bathymetry 
in the 70- to 90-m depth range is irregular, and numerous ledges, holes, and depressions 
are seen on the seafloor (Continental Shelf Associates, Inc. 1988a). Although the reef 
complex is no longer active, Pulley Ridge is capped by coralline algal growths (algal 
nodules and algal pavements), which provide additional hard substrate for sessile 
epifauna even where the underlying rock is not exposed. 


Sediment thickness also varies on a local scale. Direct measurements at five hard 
bottom stations in water depths <20 m showed that the thickness of the sand veneer 
varied from 0 to 18 cm within a radius of about 20 m (Continental Shelf Associates, 
Inc. 1987a). This variability is significant because most sponges and corals in live 
bottom areas are attached to hard substrate covered by 5 cm or less of sand (Marine 
Resources Research Institute 1984). Local variations in sediment thickness duc to 
irregularities in the undeslying rock surface could be responsible for much of the 
patchiness that is evident in benthic communities on the Southwest Florida shelf. 
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Offshore Benthic Communities 


Substratum Types 


Figure 5.3 shows a schematic illustration of major substratum types in the study 
area (Continental Shelf Associates, Inc. 1987a). Five major types are recognized: 


(1) Rock outcrops (hard bottom). 

(2) Thin sand over hard substrate (suspected hard bottom). 
(3) Sand bottom (soft bottom). 

(4) Coralline algal nodule layer over sand. 

(5) Algal pavement with platelike reef corals (Agaricia). 


Sand bottom and thin sand over hard bottom are the most common substrate types 
on the Southwest Florida shelf. The distinction between (thick) sand bottom and thin 
sand over hard bottom is a practical one based on biological evidence (presence of a 
dense sessile epifauna) rather than direct measurements or geophysical data, in most 
cases. Geophysical iastruments can measure the thickness of the sand vencer, but not 
with sufficient resolution to be biologically meaningtul. 


Exposed rock is generally rare, widely scattered, and of low relief (<1 m). Patch 
reefs have been reported in water depths of 10 to 30 m along the Southwest Florida 
coast as far north as Tampa (Smith 1976). These typically are undercut ledge systems 
oriented parallel to isobaths, and they probably represent shoreline features preserved 
during a gradual rise in sea level (Smith 1976). Ledges and holes with exposed rock are 
seen occasionally in the 70- to 90-m depth range along Pulley Ridge. Outcrops of 
greater relief (up to 3 m) have been observed in some areas of the outer shelf outside 
of the study area (Continental Shelf Associates, Inc. 1987a). These “pinnacles” are 
associated with an ancient reef feature, Howell Hook (Jordan and Stewart 1959; Holmes 
1981). 


Coralline algal nodules are another type of substratum found on the shelf. The 
main concentration of these nodules is along Pulley Ridge, as described below. 
However, over much of the inner shelf, accumulations of nodules and coralline algal 
rubble are seen in the troughs of sand waves. This rubble is often colonized by 
hydroids, bryozoans, small sponges and octocorals, and other sessile epifauna. 


Coralline algal nodules are commonly seen on and around Pulicy Ridge, in the 
6)- to 100-m depth range. The nodules, which range in size from a few millimeters to 
several centimeters in diameter, provide a substratum for attachment of epiflora and 
sessile epifauna. Two gencra of coralline algae, Lithothamnium and Lithophyilum, are 
believed to be the main constituents of the nodules (Woodward-Clyde Consultants and 
Continental Shelf Associates, Inc. 1985). In general, the nodules increase in abundance 
toward the south on the Southwest Florida shelf, in the current study area, fused 
coralline algal pavements have been noted on portions of transect E (northwest of the 
Dry Tortugas) and transect N (southwest of the Dry Tortugas). Platclike reef corals 
(agencia spp.) provide additional hard substrate at these locations. 


Benthic Habitats 
Southwest Florida Shelf 

Overall, about 30% of the Southwest Florida shelf consists of live bottom areas 
(Phillips et al. 1990b). This figure is similar to the value of 38% by Parker et 


al. (1983) for the 18- to 91-m depth range of the West Florida shelf as a whole. Both 
figures are estimates from limited visual observations. Extensive trawl collections 
reported by Darcy and Gutherz (1984) also indicate that live bottom is common on the 
West Florida shelf. Figure 5.4 is a schematic illustration of the distrioution of benthic 
habitats and community types on the Southwest Florida shelf, including portions of the 
Study area. 
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Offshore Benthic Communities 


Most of the inncr shelf between Cape Romano and Cape Sable consists of a 
compicx mosaic of thinly covered hard bottom and soit bottom (Figure 5.4). Abou 
4% of the scafloor im the 10- to 20-m depih range is thinly covered hard bottom 
colonized by densc, sessile cpifau~) (Phillips ct ai. 1990b). Lush gorgonian growth ts 
especially typical of these inner shelf, hard bottom arcas. Soft bottom arcas of the 
inner Shelf are colonized im summer by the scagrass Halophila decipiens and mactoalgac 
(Caulerpa, Halimeda, Penicillus, Udotea, cic.). Between May and Scpicmbcr. onc ts 
likely to encounter cither a dense, scssile cpifaunai community of scagrass/macroalgac- 
covered botiom at almost any location on the inrcr shelf. 


South of Cape Sable, the mosaic of hard bottom and soft bottom habitats is 
interrupted by a large arca of carbonate silt which cxtcnds west of Florida Bay and 
north of the Dry Tortugas. Littl or no hard bottom is present in this area, which 
includes portions of the Tortugas shrimp gro: nds. Halophila decipiens occurs only 
sporadically in this arca. 


The mosaic of hard bottom and soft bottom habitats continucs along the northern 
coast of the Lower Kevs and Marquesas, and around the Dry Tortugas (Figure 5.4). 
Because of the relatively clear water away from the mainland, the gorgonian-dominatcd 
hard bottom communities extend into deeper water (at lerst 27 m) acar the Dry 
Tortugas. 


The cross-shelf distribution of benthic habitats in the study area is further illustraicd 
by Figure 5.5, which is based mainly on data from transect E of the SOFLA study. This 
transect ran cast-west at 24° 48'N (Figure 5.1). As noted above, the inner shelf off 
Florida Bay is predominantly carbonate silt, with a sparse epibiota. From about 50 to 
65 m depth, patches of dense, sessile epifauna occur. The lush octocoral growths 
occurring in shallower water are no longer present; sponges and macroalgae are the 
most conspicuous ¢cpibiota, and small hard corals are also present. 


Seaward of the 65-m isobath, extensive growths of coralline algal nodules are seen, 
extending for many kilometers over an area of nearly flat bottom (Figure 5.5). The 
nodule areas are dense in the study area, but sparse and patchy north of 25°N 
(Figure 5.4). Associated with the nodules are the leafy green alga Anadyomene menziesii 
and species of calcified algae (the red algae Peyssonnelia rubra and P. simulans, as well 
as the green alga Halimeda). Sparse populations of sessile epifauna such as sponges, 
octocoral sea whips, hard corals, and crinoids are also present in these nodule arcas. 


A fused, coralline algal pavement occurs in the 65- to 80-m depth range northwest 
of the Dry Tortugas (Figures 5.4 and 5.5). This area supports a deep reef community 
that includes platelike reef corals (Agaricia spp.), dense growths of the green alga 
Anadyomene menziesii, and a variety of t reef fishes (Woodward-Clyde Consultants 
and Continental Shelf Associates, Inc. 1985). A similar habitat has been found in the 
50- 10 60-m depth range southwest of the Dry Tortugas (Danek and Lewbel 1986). 
More information on the deep reef community is presented '~*r in this chapter. 


Most of the outer Southwest Florida shelf is covered by a thick sand veneer. 
However, in the study area, the outer shelf is narrow and steep, and exposed, low-relief 
hard bottom occurs frequently (Figures 5.4 and 5.5). North of the study area, most 
outer shelf outcrops are concentrated along two partially buried, north-trending reci 
features described by Holmes (1981). The inner reef (Howell Hook) occurs in a water 
depth of about 150 m and is visible in the form of isolated, steep-walled “pinnacles” 
protruding up to 3 m above the surrounding thick sand. The outer reef occurs at the 
shelf break; low-relief outcrops are seen between depths of 190 and 200 m 
south of about 25° 30'N (Figure 5.4). 
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Figure 5.5. General distribution of benthic habitats on the Southwest Florida shelf at 24° 48'N (north of the Dry Tortugas) 
(Data from: Woodward-Clyde Consultants and Continental Shelf Associates, Inc. 1985; Continental Shelf 
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Offshore Benthic Communities 


Straits of Florida Shelf 


Offshore of the bank reefs of the Florida Reef Tract, the bottom slopes gradually 
for several kilometers, then drops sharply to the depths of the Straits of Florida. There 
have been no broad-scale surveys of shelf benthic habitats in this area. However, 
information is available from studies in the area of the Key Largo National Marine 
Sanctuary (Jameson 1981) and the Looe Key National Marine Sanctuary (NOAA 1980). 
Observations show that a deep reef and a coralline algal rubble zone are present 
offshore of the shallow bank reefs, probably along the entire extent of the Florida Reef 
Tract. These areas are in Federal waters and would be considered live bottom under 
the MMS definition (see footnote 1). Other recent surveys conducted offshore the 
Lower Keys and Marquesas Keys show the presence of scattered hard bottom areas in 
Federal waters (Continental Shelf Associates, Inc. 1990). 


Key Largo National Marine Sanctuary. Submersible surveys conducted off Key Largo in 
1973 by Harbor Branch Foundation investigators documented the presence of a deep 
reef seaward of Molasses Reef (Antonius 1974). Later, deepwater habitats offshore of 
French Reef, The Elbow, and South Carysfort Reef were surveyed using side-scan sonar, 
and visual observations were made from a submersible (Jameson 1981). The deep reef 
was found to consist of mounds, generally 1 to 2 m in relief, interspersed with sand 
channels. Most of the deep reef is in water depths <36 m, but it extends to 40 m 
depth in some places. Characteristic biota include platelike growth forms of the corals 
Aganicia lamarcki, Montastraea annularis, and M. cavernosa, as well as the yellow pencil 
coral Madracis mirabilis, the barrel sponge Xestospongia muta, and various octocorals. 


The relationship of the deep reef to the shallow reef differs depending on location. 
Jameson (1981) reported that the deep reef at French Reef is a continuous extension of 
the shallow reef, whereas at The Elbow, the deep reef is separated from the shallow reef 
by a sandy, soft coral flat lying at the base of a 12-m high, shallow reef face. At South 
Carysfort, the deep reef is isolated from the shallow reef by a sand flat. 


At all three reefs surveyed in the Key Largo National Marine Sanctuary, a coralline 
algal rubble zone was found in depths of 40 to 55 m, offshore of the deep reef 
(Jameson 1981). This zone, which is about 1,000 m wide and at least 50 km (27 nmi) 
long, is characterized by leafy algae, octocorals, sponges, and small scleractinian corals 
such as Manicina areolata and Porites sp. (though no reef builders are present). The 
coralline algal rubble zone probably extends along the length of the Reef Tract (Shinn 
1981). It is similar to the coralline algal nodule zone seen on the Flower Garden Banks 
(Bright 1981) and the Southwest Florida shelf (described in the previous section). 


Offshore of the coralline algal rubble zone, from 55 m to at least 90 m, the 
substrate is predominantly sand bottom (Jameson 1981). Inconspicuous algae are 
present, as well as various soft bottom macroepifauna, including sand dollars, sea 
urchins, and sea stars (Oreaster). 


Looe Key National Marine Sanctuary. Biological zonation offshore of the shallow bank 
reef at Looe Key has also been studied via submersible observations (NOAA 1980). A 


deep reef is present, beginning at 9 to 11 m depth and extending to 30 to 35 m depth, 
where there is a drop-off to a sandflat. The deep reef is several hundred meters in 
extent, and the shallower part is similar to patch reefs in species composition, with 
numerous octocorals and small-to-medium scleractinian corals present. 


Another reef habitat, referred to as the deep ridge, occurs at about 45 m depth and 


is separated from the deep reef by about 1,000 m of sand bottom. This is a low-profile 
outcrop of living coral reef formed mainly by platelike colonies of Montastraea cavernosa 
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and several agariciid corals. which show considerable sedimentation damage (NOAA 
1980). Deepwater octocorals, particularly Ellisella barbadensis and Iciligorgia schrammi., 
are also present, with E. barbadensis being much more abundant than on the deep rect. 
The relationship of the deep ridge to the deep reef and shallow reef at Looe Key is not 
known (NOAA 1980). 


Lower Keys and Marquesas Keys. Continental Shelf Associates, Inc. (1990) used a 


towed video camera to survey three sites on the continental shelf near the Marquesas 
Keys in December 1989. One site was 15 km (8 nmi) south of the Marquesas in a 
water depth of 40 to 91 m. A second site was 24 km (13 nmi) south-southwest of the 
Marquesas in a water depth of 52 to 91 m. The third site was 32 km (17 nmi) west of 
the Marquesas in a water depth of 8 to 21 m. All three sites were predominantly sand 
bottom, but areas of hard bottom were occasionally observed. Most hard bottom areas 
had little vertical relief (<1 m), but outcrops up to 10 m in height were observed at the 
Shallow site west of the Marquesas. Hard bottom areas at the shallow site were 
colonized by a dense assemblage of stony corals, octocorals, sponges, and other sessile 
epifauna. Hard bottom areas at the deeper sites supported less dense growths of 
sponges, octocorals, hydroids, and bryozoans. 


Researchers from the U.S. Geological Survey (USGS) conducted seismic profiling 
offshore the Lower Keys and Marquesas in July 1989 (E. Shinn, pers. comm. 1989, 
USGS, St. Petersburg). The researchers found a spectacular deep reef complex offshore 
Key West, with vertical relief up to 30 m. No visual observations of the outcrops or 
biota were made. Additional surveys are planned for 1990. 


COMMUNITY DESCRIPTIONS 


This section discusses characteristics of communities associated with two major 
habitat types: hard bottom and soft bottom. The hard bottom discussion focuses on 
epibiota, whereas the soft bottom discussion includes information on macroinfauna, 
macroepifauna, and seagrass. Southwest Florida shelf collections are the main basis for 
the discussion; information on deep reef communities offshore of the Florida Reef Tract 
is included in the Coral Reefs section of Chapter 4. 


Hard Bottom Communities 


Most of the available information about hard bottom communities comes from six 
hard bottom stations sampled in the study area during the SOFLA study (Figure 5.1). 


Macroflora and Sessile Epifauna 


Abundance. Two approaches have been used to quantify the abundance of hard bottom 
epibiota: areal coverage estimates, and counts of individuals or colonies. For flattened 
Organisms such as some corals, sponges, and macroalgae, the former approach is 
probably more useful. For erect forms such as many octocorals, counts are of more 
interest. 


Table 5.1 summarizes bottom coverage estimates for hard bottom stations in the 
Study area. Two types of coverage estimates are provided in the table. The first is the 
incidence of live bottom, which was estimated from broad-scale surveys of a 1 km? area 
at each station. This figure is the percentage of the bottom covered by dense epifaunal 
growth. The second number is the cover percentage derived from analysis of still 
photographs (generally 100) from each station. The two estimates may differ con- 
siderably because of the different scale of the observations. 
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Table 5.1. Bottom coverage of epibiota at Southwest Florida Shelf Ecosystems 
Study hard bottom stations in the study area (Adapted from: Danek and 
Lewbe! 1986; Continental Shelf Associates, Inc. 1987a). 


Water incidence of Cover (%)+ 
Depth Live Bottom 
Station (m) (%)* Spring Summer Fail Winter Major Contributors 
52 14 79 22 - 39 - Algae, sponges. octocorals 
51 17 84 21 - 49 - Algae, seagrass (Ha/ophiia). 
sponges. octocorals 
55 27 -§ 524 34q 264 294 Algae, sponges. octocorais 
27 54 14 12 - 8 ~ Sponges, aigae (Cav/erpa. 
Halimeda) 
29 ie] 100 80 90 64 75 Algae Anadyomene. 
Peyssonneia), stony corals 
(Agancia) 
x) 76 100 50 -- 48 - Aigae (Anadyomene. 


Peyssonnelia), sponges 


* Estimated from underwater video surveys within a 1 km@ area. Video footage was divided into 15-s 
intervals (about 15 m distance). and each interval was scored as “live bottom’ or “not live bottom." 

+ Estimated by using a point overiay method on quantitative still photographs (typically 100 photographs. 
each 0.5 m* in area) from each station. 

§ Not estimated for this station. 

q Estimate includes algae and sponges only. Octocorals were abundant, but thew cover was not 
estimated. 


The incidence of live bottom at the stations shown in Table 5.1 is high, which is not 
surprising, given that the stations were chosen because of dense epifaunal growth. 
However, the actual coverage in quantitative photographs is generally <SO0%, except at 
Station 29, which was typified by lush growth of Anadyomene menziesii and other algac, 
as well as platclike reef corals, Agaricia spp. Coverage may vary scasonally, especially 
where macroalgae account for much of the total. 


Table 5.1 also indicates that octocorals accounted for a significant portion of the 
cover at stations in depths of 14, 17, and 27 m. The octocorals were not major cover 
contributors at the deeper stations. 


Danek and Lewbel (1986) estimated the numerical abundance of some conspicuous 
sessile epifauna at stations in and near the study arca. Vase sponges (/rcinia campana) 
ranged from 1.6 to over 400 colonies/ha, with the highest densities on the inner shelf 
(<20 m depth). Octocorals had the highest numerical abundance, ranging as high as 
150,000 colonies/ha. Octocoral abundance generally declined with increasing water 
depth. 


Biomass. Biomass estimates are available from five hard bottom stations in water 
depths <20 m, including two in the current study area (Continental Shelf Associates, 
Inc. 1987a). Total wet-weight biomass ranged from 0.7 to 4.3 kg/m?, with a mean of 
about 2 kg/m?. Sponges were the main contributor, accounting for an average of 58% 
of the total (wet biomass may exaggerate the importance of sponges because of their 
high internal volume). Stony corals, octocorals, bivalves, and macroalgae also accounted 
for significant portions of the total. 
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Biomass estimates are not available for deeper water. However, it is likely that 
biomass declines with increasing water depth. Some of the larger sponges (c.g, 
oggerheads) that contribute a large share of the biomass at the nearshore stations arc 
less abundant in deeper waters (Danck and Lewbel 1986). 


Species Composition. The specics composition of hard bottom communitics on the shelf 
varies mainly with water depth (Continental Shelf Associates, Inc. 1987a). This probably 
reflects changes in substrate and light levels, as well as other depth-related variables. 


Hard bottom communities of the inner shelf (<20 to 25 m) are characterized by 
lush octocoral growth. Common genera include Eunicea, Muricea, Plexaurella, and 
Pseudopterogorgia. Large sponges are also seen, particularly Spheciospongia vesparium 
(loggerhead sponge), Ircinia campana (vase sponge), 1. felix, I. strobilina, Haliclona sp. 
(finger sponge), Cinachyra alloclada, and Geodia gibberosa. Small colonies of sclerac- 
tinian corals (Cladocora arbuscula, Phyllangia americana, Siderastrea radians, Soienastrea 
hvades, and others) also are present, though inconspicuous amongst the dense gor- 
gonians. 


The shallow-water octocoral populations decline rapidly in abundance beyond about 
20 m depth, probably because of declining light levels; these octocorals contain sym- 
biotic zooxanthellae that require light for photosynthesis. Off the Dry Tortugas, the 
shallow-water octocoral communities extend into deeper water (at least 27 m) because 
the offshore waters are clearer than those at comparable depths near the mainiand. In 
water depths between 25 and 65 m, sponges and macroalgae are the main conspicuous 
epibiota associated with hard bottom areas. 


A narrow portion of SOFLA transect E is characterized by an assemblage of 
platelike reef corals (Agaricia spp.) and dense growths of the green alga Anadyomene 
menziesii, occurring On a fused coralline algal pavement. Biotic coverage in this area 
ranges from 64 to 90%, the highest values seen on the shelf (Table 5.2). Most of the 
cover is due to algae (Anadyomene and Peyssonnelia), which vary little seasonally in their 
abundance at this depth. 


Table 5.2. Biotic cover in bottom photographs from hard bottom Station 29 on the 
Southwest Florida shelf (From: Woodward-Clyde Consultants and 
Continental Shelf Associates, inc. 1985). 


Cover (%) 
Season Anadyomene Peyssonnelia Agaricia* All Biota 
(green alga) (red alga) (plate coral) 
Summer (Jul-Aug 1981) 342 15.9 64 89.7 
Fall (Oct-Nov 1980) 3%2 8.8 92 64.5 
Winter (Jan-Feb 1962) 31.3 10.4 99 748 
Spring (Apr-May 1961) 34.5 13.9 12.4 79.° 
MEAN 34.0 122 95 772 


* Variation in cover of Agaricia reflects sampling error as well as slight changes in cover of various algae, 
which may partially obscure the corals in the photographs. 
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Because of the water depth and resulting low light levels on the outer shelf, algae 
are not major elements of the epibiota. The dominant sessile epibiota are crinoids, 
antipatharians, azooxanthellate octocorals and hard corals, and small, hexactinellid 
(glass) sponges. The crinoids occur both on emergent rock as well as on layers of 
coarse shell rubble in soft bottom arcas. 


The following discussion provides additional information about the distribution of 
selected groups of epibiota on the Southwest Florida shelf. 


Macroalgae: Over 160 species of macroalgae have been collected from hard bottom 
Stations On the Southwest Florida shelf (Continental Shelf Associates, Inc. 1987a). 
Widely collected genera include the red algae Gracilaria, Laurencia, and Lithothamnium; 
the green algae Caulerpa, Halimeda, Penicillus, and Udotea;, and the brown algae 
Dictyopteris, Dictyota, and Sargassum. 


The species composition of the macroflora varics with water depth. Typical specics 
of the inner shelf (<30 m) include Caulerpa sertularioides, Gracilaria debilis, Halimeda 
scabra, Laurencia inticata, and Udotea conglutinata (Continental Shelf Associates, Inc. 
1987a). On the middle shelf (60 to 90 m depth), coralline algal nodules and algal 
pavements are sirongly typified by a suite of crustose red algae, Peyssonnelia rubra and 
P. simulans, and green algae, Anadyomene menziesii and Halimeda spp. Very high 
densities of A. menziesii occur in the algal pavement areas in the 65- to 80-m depth 
range along SOFLA transect E. Dense meadows of Halimeda spp. have been reported 
from the 70- to 80-m depth range just north of the study area (Continental Shelf 
Associates, Inc. 1988a). 


Algal cover on the inner shelf varies seasonally, with the highest abundances usually 
observed in summer. Massive blooms of species such as the brown alga Dictyopteris and 
the green alga Codium isthmocladum have been observed at some inner and middle shelf 
stations (Danek and Lewbel 1986; Continental Shelf Associates, Inc. 1987a). In general, 
algal cover on the middie shelf varics little seasonally, with specics such as 
Peyssonnelia spp. and Anadyomene menziesii being present in about the same abundance 
year-round (Table 5.2). Bottom temperatures at depths between 50 and 100 m vary by 
only about 4 to 6°C and generally remain above 18°C (Woodward-Clyde Consultants 
and Continental Shelf Associates, Inc. 1985). 


Sponges: Sponges are colonial invertebrates that occur widely in hard bottom habitats, 
including Caribbean reefs and the Florida Reef Tract (Schmahl 1984). The Southwest 
Florida shelf harbors a large number of sponge species that collectively account for a 
large portion of the sessile epifaunal biomass in most locations, especially on the inner 
and middie shelf. All sponges are suspension feeders, and many also apparently contain 
symbiotic blue-green algae (cyanobacteria) that are analogous in function to the 
dinoflagellate zooxanthellae of the corals (Wilkinson 1987). 


There are four classes of sponges. Most of the species on the Southwest Florida 
shelf belong to the Demospongea, which contain siliceous spicules and/or organic 
spongin fibers. This group includes common commercial sponges (shecpswoo!l sponge 
Hippospongia lachne, and various species of Spongia) (Walton Smith 1954); boring 
sponges (¢.g., Cliona), and some of the most conspicuous species such as the loggerhead 
sponge Spheciospongia vesparum and the vase sponge Ircinia campana. Class Calcarea 
is represented by only four genera in the Southwest Florida shelf collections 
(Aphroceras, Clathrina, Leucetta, and Leucoselenia). Sponges in this group contain 
calcareous spicules. A third group, the Hexactinellida, contains only deepwater forms 
(glass sponges) that contain siliceous spicules. Two species (Aulocysts zittelii and 
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Dactylocalx pumiceus) were identified from the Southwest Florida shelf collections, 
along with specimens from two other genera (Eurete and Hexactinella). Many of the 
outer shelf specimens were not identifiable to genus or species. The fourth class, 

is not represented in the Southwest Florida shelf collections (nor is it 
present in the Florida Reef Tract). 


Sponge cover ranges from 0 to 25% in hard bottom areas of the Southwest Florida 
shelf. Sponge biomass ranges from 446 to 3,098 g/m? (wet wt) and accounts for about 
58% of the total biomass of sessile epifauna (>70% at some stations) (Continental 
Shelf Associates, Inc. 1987a). 


At least 93 sponge species were collected by dredge during the SOFLA studies. 
Many additional specimens were identified only to genus or higher levels. The largest 
numbers of sponge species were collected at two middle shelf stations (15 and 21) near 
the study area, and at four inner shelf stations, including two in the study area (51 and 
52). The fewest species were idcatified from the outer shelf stations, partly because of 
taxonomic probiems. 

Well-defined zonation patierns are not evident for sponges. Several species, such as 
Euryspongia rosea, Hemectyon pearsei, and Thalysias juniperina, are restricted to the inner 
shelf (<20 m). Most of the remaining species range from the inner to middie shelf (to 
60 or 70 m depth). Examples of widely distributed species in this category are 
Cinachyra alloclada, Geodia gibberosa, Haliclona compressa, Ircinia campana, and 

la melobesioides. Few species occur on the outer shelf, although several 
unidentified hexactinellids have been collected. Of the common inner and middie shelf 
species, only /rcinia strobilina also occurs on the outer shelf. 


Octocorals: The subclass Octocorallia (Alcyonaria) includes sessile invertebrates such as 
sea fans, sea pens, sea plumes, and sea whips. Most are associated with reef environ- 
ments. These organisms typically feed on zooplankton and particulate organic matter 
(Lasker 1981), but most shallow-water species possess symbiotic zooxanthellae and 
derive some portion of their nutrition from photosynthesis. See the Coral Reefs section 
in Chapter 4 for additional information on octocoral biology. 


Along the mainiand coast of Southwest Florida, the octocerals are most abundant in 
Shallow water depths (<20 m). Smith (1976) reported that gorgonian densities generally 
are much higher at patch reefs in water depths <18 m than at deeper reefs. On the 
Southwest Fiorida shelf, octocoral abundance generally declines with increasing water 
depth. Gorgonian densities decrease sharply seaward of the 20-m isobath; the increase 
on the outer shelf reflects an increased abundance of groups such as the ellisellids, 
which lack zooxanthellae and are therefore not dependent on light levels. The highest 
nearshore densities are in the low end of the range of values reported by Goldberg 
(1973) for lush gorgonian beds on patch reefs off the Southeast Florida coast. 


Characteristic nearshore octocoral species are Eunicea calyculata, Muricea elongata, 
M. laxa, Plexaurella fusifera, Pseudopterogorgia acerosa, and Pterogorgia guadalupensis. 
Many of these species extend to greater depths (at least 27 m) near the Dry Tortugas 
(Danek and Lewbel 1986). Several additional gorgonians such as E. clavigera, 

E. laciniata, E. palmeri, E. pinta, Plexaura homomalla, Pterogorgia anceps, and Pterogorgia 
citrina occur in this area. 


All of these nearshore gorgonian species harbor symbiotic zooxanthellae and derive 


at least part of their nutrition from photosynthesis. Consequently, decreasing light 
availability with increasing water depth probably is a major factor responsible for their 


172 


limitation to shallow water depths (Goldberg 1973). However, some shallow-water 
species grow well when transplanted to deeper water, suggesting that effects of light 
levels On zonation may be due to larval preference or differential larval survival rather 
aduit survival patterns (Goldberg 1970). Light levels are affected by water clarity as 
well as depth per se, as shown by the occurrence of large numbers of zooxanthellate 
gorgonians at 27 m near the Dry Tortugas. Away from the mainland coast with its 
turbid waters, the gorgonians apparently are able to live at greater depths. 


Zonation patterns on the middie and outer shelf are not as well defined. Octocoral 
densities are much lower than in the nearshore zone, and the species lack zooxanthellae. 
Examples of widely distributed middle shelf species are Lophogorgia cardinalis (19 to 
77 m), Diodogorgia nodulifera (30 to 76 m), and Telesto sanguinea (30 to 77 m). 
Common middie to outer shelf species include Ellisella barbadensis (SO to 159 m), 
Scleracis j,sadalupensis (62 to 159 m), and Siphonogorgia agassizi (77 to 159 m). Species 
apparently restricted to the outer shelf include Nicella cf. granifera, Placogorgia mirabilis, 


and Thesea ,randiflora. 


Stony corals: Fifty-nine species of stony corals have been collected from the Southwest 
Florida shelf in and near the study area. Most of those collected on the inner and 
middle shelf contain symbiotic zooxanthellae and presumably derive most of their 
nutrition from photosynthesis. However, there is little reef-building activity (light- 
enhanced calcification) with the exception of the deep Agaricia reef found in the vicinity 
of Station 29. Accordingly, these corals are referred to as zooxanthellate rather than 
hermatypic (Schuhmacher and Zibrowius 1985). 


Table 5.3 lists the scleractinian species that were collected at one or more of the 
SOFLA stations; for comparison, corals reported from the Florida Reef Tract (see 
Chapter 4) are included. Of 59 species reported from the Florida Reef Tract, 32 have 
been collected on the Southwest Florida shelf. Twenty-seven species have been found 
on the shelf but not in the Reef Tract, including mostly representatives of deepwater 
families such as Caryophylliidae and Flabellidae. Major hermatypic (reef-building) 
species such as Acropora cervicornis, A. palmata, Colpophyilia natans, Diploria 
labyrinthiformis, D. strigosa, and Montastraea annularis have not been collected on the 
Southwest Florida shelf. Many of the more common corals on the inner and middle 
shelf are hardy, tolerant species that are often found in some of the less favorable, 
fringing environments in Caribbean and South Florida coral reef systems (Jaap 1984). 


Different suites of stony coral species are associated with hard bottom habitats in 
different depth ranges. Cladocora arbuscula, Phyllangia americana, Scolymia lacera 
Siderastrea radians, Solenastrea hvades, and Stephanocoenia michelinii are typical of inner 
shelf hard bottom areas (depths <40 to 50 m). All but P. americana contain symbiotic 
zooxanthellae (Cairns 1977, 1978) and may be light-limited in their distribution. 
Phyllang'« americana also occurs on the outer shelf to a depth of at least 159 m. Most 
of the im. er shelf species are also fairly tolerant of exposure to suspended solids and 
temporary (several days) burial (Rice 1984). Hubbard and Pocock (1972) reported that 
Isophyllia sinuosa and Manicina areolata, two additional species found on the inner and 
middie shelf, can right themselves after being overturned in sediment. 


Near the Dry Tortugas in a water depth of 27 m, Station 55 harbored a diversity of 
hard corals, including one species (Meandrina meandrites) not found at any of the other 
stations (though believed to occur more widely). Station 55 was second to Station 29 in 
the number of coral species collected (15 vs. 19), and several deep reef species were 
found only at these two stations (e.g., Leptoseris cucullata, Madracis decactis, and 
Montastraea cavernosa). 
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Table 5.3. Scleractinian corals of the Southwest Florida shel vs. those of the Flonda 
Reef Tract. Southwest Florida data are from Environmental Science and 
Engineering, inc. et al. (1987) and W. Jaap (pers. comm. 1989. Florida 
Department of Natural Resources, St. Petersburg). Florida Reef Tract 
data are from Jaap and Hallock (Chapter 4). 


Southwest Florida Southwest Flonda 
Florida Reef Fionda 4 =-~Reef 
Species Shert Tract Species Shett Tract 
Acropora cervicomis + lsophytha sinuosa x x 
Acropora paimata x Javama called x 
Acropora proiilera 7 Leptosens cucullata x x 
Agancia agancites dana: x Maoracis asperuia x 
Agaricia aganicites purpurea x . Madoracis brueggemanr x 
Agancia agancites carinata x Madracis decacts x x 
Agancia aganicites x Madracis formosa x x 
Agaricia fragilis x Madcracis mirabiis x x 
Agancia larnarcki x Macracis mynaster x 
Agaricia undata x Madrepora carolina x 
Anomocora fecunda x Macrepora oculata x 
Astrangia pocuilata x x Marucina areolata x x 
Astrangia solitana x x Mancina areciata mayor x 
Balanophyliia flondana x x Meandnna meandnies brasiliensis x 
Balanophylliia wells: x Meandnna meanontes x x 
Caryophyllia ambrosia caribbeana’ = x Montastreea annulans x 
Caryophyllia bertenana x Montastraea cavernosa x 
Caryophyllia comutormis x Mussa angulosa x x 
Caryophyliia horologium x Mycetophylia aliciae x 
Cladocora arbuscula 4 x Mycetophylia danaana x 
Cladocora debilis x Mycetophytia ferox x 
Coenosmilia arbuscula x Mycetophylha larmarckiana x 
Colpophyliia amaranthus x Oculina diffusa x x 
Colpophyilia breviseralis x Oculina robusta x 
Colpophyliia natans x Oculina tenella x 
Concentrotheca \aevigata x Oxysrmilia rotundiloha x 
Deltocyatnus caicar x Paracyathus pulchellus x x 
Deltocyathus eccentncus x Phyllangia amencana x x 
Dengrogyra cylndrus x Porites astreoides x x 
Dendrophylia cormucopia x Pontes brannen x x 
Dendrophyllia gaditana x Pontes porites clavana x 
Dichoc :ema stellaris x x Portes portes furcata x 
Dichocoenia stokesu x Porites porites divancata x x 
Diplona clivosa x Pontes pontes x 
Diplona labyrinthitormis x Rhizosrmia maculata x 
Diploria strigosa x Scolyrma cubensis x 
Eusmia tastguata x Scolyrma lacora x x 
Favia fragum x Siderastrea radians x x 
Favia gravida x x Siderastrea siderea x x 
Flabeliurn fragile x Solenastrea bournon x x 
Guynia annuiata x Solenastrea hyades x x 
lsophyllastraea rigida x Stephanocoema michelin x x 
x 
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Few coral specics are found in the 45- to 60-m depth range, probably duc to 
declining light levels and limited availability of suitable substratum for zooxanthellatc 
species able to grow undcr low light (c.g. agariciids). Oculina tenella, an avooxanthcl- 
late species, Occurs most consistently in this depth range. 


In the 62- to 77-m depth range, three species of Madracis--M. brueggemanni, 
M. formosa, and M. murabilis--are associated with substrates of dense algal nodules and 
algal nodule pavement. Station 29 possessed the largest and most distinctive coral 
assemblage, consisting of 19 species, including a number of deep reef corals. Specics 
found primarily or exclusively at this station included the agariciids Agancia agaricites, 
A. fragilis, A. lamarcki, and Leptoseris cucullata, as well as Madracis decactis, Montastraea 
cavernosa, and Porites astreoides. Only one of the agariciids was collected at Station 30, 
which also was characterized by the algal nodule pavement but at a greatcr water depth 
than Station 29 (76 m vs. 62 m). 


Another area of Agaricia growth was scen during surveys of a transect southwest of 
the Dry Tortugas, although no still photographs or specimens were collected there 
(Danek and Lewhel 1986). The location of this area is shown on Figure 5.4. Also, a 
similar suite of species has been reported from the deep reef offshore of the Florida 
Reef Tract (Jameson 1981). 


The predominance of agariciids at Station 29 probably reflects the influence of both 
light levels and substratum type. The platclike growth form of Agaricia optimizes light 
capture, allowing the corals to grow at depths greater than those inhabited by most 
zooxanthellate species. Decreasing light availability probably defines the lower depth 
limit of the agariciid reef growth. Also, the absence of unconsolidated sediments at 
Station 29 is an important factor, because Agaricia is not capable of removing large 
amounts of coarse sediment (Hubbard and Pocock 1972). In Caribbean and South 
Florida reefs, Agaricia may occur in turbid environments, but the colonies are usually 
angled to slough off sediment (¢.g., colonies occur on vertical surfaces and undersides of 
ledges) (Hubbard and Pocock 1972; Jaap 1984). 


The outer shelf is characterized by a suite of azooxanthellate forms, primarily 
species in the families Caryophylliidae and Flabellidae. Carvophyilia berteriana, C. 
horologum, Deltocyathus calcar, Flabellum fragile, Javania cailleti, Paracyathus pulchellus. 
Se ee oe Paracyathus pulchellus was cited as a 

common deepwater species in MAFLA samples from all areas of the West Florida shelf 
(Hopkins 1979). Caryophyilia horologium, previously reported to a depth of 91 m in the 
Hourglass samples, may occur attached to the hard substratum or as a free 
surface-dweller, along with D. caicar and T. rawsonii (Cairns 1977). Nearly all of the 
species that are common on the outer shelf occur exclusively there. 


Crinoids: Comatulid crinoids (feather stars) are conspicuous elements of the outer shelf 
epifauna. Feather stars are discretely motile rather than sessile; the organisms can 
swim, and they attach by means of their basal cirri to various substrata, such as rock, 
shell, and other animals. Nutrients are derived via suspension feeding. 


Common species on the Southwest Florida shelf are Comactinia meridionalis, 
Crinometra brevipinna, Leptonemaster venustus, and Neocomatella pulchella. All but 
C. meridionalis are limited to the outer shelf (depths >100 m). The crinoids are 
typically associated with exposed hard bottom as well as areas of coarse shell rubble. 


The average crinoid density at one outer shelf station near the study area (127 m 
water depth) has been estimated at 3 individuals/m? (Danek and Lewbel 1986). This 
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The Southwest Florida shelf supports a diverse sessile 
epibiota. Likely contributing factors are the large area of the shelf, the range of waicr 
depths and substratum types represented, the generally favorable temperature regime for 
tropical and subtropical species, and the proximity to sources of colonizing reef biota. 


The apparent importance of water depth as a master variable controlling zonation 


same depth range) probably reflect non-depth-related variations in these underlying 
controlling factors. 


Temperatures on most of the shelf are suitable most of the time for tropical specics 
to flourish. Except for locations on the outer shelf, temperatures are greater than 18°C 
most of the time (Danck and Lewbel 1986). Inner shelf temperatures are more 
scasonally variable than middle and outer shelf temperatures, however, and occasional 
cold fronts may kill large numbers of tropical invertebrates and fishes in shallow waicr 
(Bullock and Smith 1979; Bohnsack 1983). Temperatures on the outer shelf may also 
be too low for tropical species, at times, due to upwelling of cold water from the 

from Loop Current intrusions (Woodward-Clyde 
nstitute of Oceanography 1983). Therefore, the middie shelf 
probably is the most favorable for development of tropical assemblages. 


Light is another important influence on the composition of sessile epifaunal 
communities. As noted previously, many of the corals and sponges present on the shelf 
contain symbiotic algae and depend, in part, upon photosynthesis to meet their nutri- 
tional requirements. Illumination decreases with increasing water depth, with the 1% 
(of surface incident) light level occurring at approximately 65 to 70 m on the Southwest 


adaptations to the light regime. Water column turbidity aiso affects the amownt of light 
reaching the benthos, and nearshore arcas are subject to episodic resuspension events 
that severely cloud the water. Nearshore species must be able to tolerate intertaiticnt 
turbidity. 

For sessile epifauna, the availability of suitable hard substratum for attachment is 
often a limiting factor. On the Southwest Florida shelf, this is particularly important 
because there is very little exposed hard bottom and most is of low relief (<1 m). 
Most areas of hard bottom are covered by a thin sand vencer, but the underlying rock 
must occasionally be exposed in order for larvae to attach and grow fast enough so as 
not to be smothered when the area is again covered by sand. Where the sand veneer is 
thin and the potential for sediment move.rent is high, exposure and colonization of 
hard bottom must be relatively frequent, and one would expect to find extensive growths 
of sessile epibiota in such areas. This appears to be true both on a local scale (biomass 
and cover of sessile epifauna are greater at stations where the veneer is thick than 
where it is thin) and on a regional scale (live bottom associated with sand-covered hard 
bottom is most common on the inner shelf [<20 m] where the sand veneer is gencrally 
thin and the potential for sediment movement by surface waves is high). 
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Latitudinal differences in substratum type help to explain why Aganicia predominates 
in the 65- to 80-m depth range south of 25°N but not at locations in the same depth 
range to the north. The algal nodule pavement present in this area provides a favorabic 
environment for growth of Agaricia, which docs not tolerate high sediment loading. 

Why the pavement develops in this area and not farther north is unknown, but tempera- 
ture, nutrients, and hydrodynamics are major influences. The density of algal 
nodules generally increases from north to south in this depth range, possibly reflecting 
slightly higher temperatures and higher near-bottom nutrient levels toward the south 
(due to upwelling-induced doming of nutrient contours near the shelf break, which is 
Siceper in the southern part of the study area). Also, nodules require 
hydrodynamic conditions for their formation. The incipient nodules form on bits of 
shell debris or other nuclei, and periodic rolling of the growths is necessary for the 
formation of spheroid or ovoid shapes (Bosellini and Ginsburg 1971). Rolling may be 
accomplished by surface waves during storms (not a major influence at these depths, 
except perhaps during a hurricane) or even by movement of sand waves, as suggested by 
McMaster and Conover (1966). Slightly more quiescent hydrodynamic conditions usually 
associated with increasing water depth can result in increasingly flattened or amoeboid 
growth, or ultimately, a flattened pavement. 


Motile Epifauna 


Hard bottom areas on the continental shelf support a diverse motile epifauna. 
During the SOFLA study, at least 306 specics of molluscs, 283 species of crustaceans, 
and 120 species of echinoderms were collected (Continental Shelf Associates, Inc. 
1987a). Many of the species have also been reported from hard bottom habitats in the 
South Atlantic Bight by Wenner et al. (1983). 


Most large species of motile epifauna on the shelf are sand dwellers that are either 
restricted to of most abundant on sand, whether or not it is adjacent to rock outcrops 
or other hard substrate (Environmental Science and Engineering, Inc. et al. 1987). 
Examples include various species of sea stars, sea urchins, holothurians, portunid and 
calappid crabs, and conchs. Species more closely associated with high-relief hard bottom 
include palinurid and scyllarid lobsters (Panulirus argus, P. guttatus, Scyllarides spp., and 
Scyllarus spp.), brachyuran crabs (Stenocionops furcata and others), and some sea urchins 
(Arbacia punctulata, Diadema antillarum, and Eucidaris rribuloides). Because many of 
these species are partially or wholly herbivorous, they tend to be more abundant in 
shallower water where plants are more readily available. 


In addition to the large motile epifauna, there are numerous smaller species that 
live in or on larger sessile epifauna such as sponges and octocorals, or in crevices and 
holes where there is exposed hard bottom. For example, the brittle star Ophiothrix 
angulata is associated with shallow-water octocoral species and reaches densities of 1 to 
2 individuals/m? (Continental Shelf Associates, Inc. 1987a). Numerous synalpheid 
shrimps (¢.g., Synalpheus minus, S. pandionis, and S. townsendi), polychacte worms (c¢.g., 
Haplosyilis spongicola), and other organisms inhabit sponges or other sessile epifauna. 
The diversity and abundance of these smaller motile epifauna are made possible by. the 
presence of the larger, sessile species, which provide shelter and in some cases, food. 


At least 220 fish species have been collected from the Southwest Florida shelf 
(Continental Shelf Associates, Inc. 1987a). Frequently collected species include fringed 
filefish, Monacanthus ciliatus; sand diver, Synodus intermedius, offshore lizardfish, Synodus 
poewt, barbfish, Scorpaena brasiliensis, and dusky flounder, Syacium papillosum. Many 
other species, including numerous primary reef fishes (Starck 1968), occur in hard 
bottom areas such as the deep Agaricia reef at SOFLA Station 29. These species are 
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not readily sampled by trawling, but can be quantified by visual observations (Danek and 
Lewbel 1986). Fish popula‘ ions are discussed further in Chapter 7. 


The species composition of the motile epifauna on the Southwest Florida shelf 
varies primarily with water depth or related variables (Lyons 1979, Continental Shelf 
Associates, Inc. 1987a). For crustaceans, the major break in species Composition is al 
about 40 m depth, whereas for echinoderms and molluscs, the break appears to be at 
about 60 m (Continental Shelf Associates, Inc. 1987a). 


Soft Bottom Communities 
Macroinfauna 


Continental shelf environments typically support a diverse macroinfauna consisiing 
of many species, most represenicd by a few individuals in a given collection (Rabalais 
and Boesch 1987). Polychactes and peracarid crustaceans usually account for most of 
the individuals and species. Rarely does any species account for more than 10 to 15% 
of total abundance, although opportunistic species may be locally abundant. The 
macroinfauna of the Southwest Florida shelf appear to fit this pattern. An additional 
characteristic of this shelf is the widespread occurrence of hard substrates such as shell 
rubble and coralline algal rubble, which can result in high numbers of syllid polychactes 


(motile carnivore/scavengers) near areas of dense, sessile epifaunal growth. 


There are two main sources of information concerning Southwest Florida shelf 
macroinfauna: the MAFLA study sponsored by the BLM and the SOFLA study funded 
by the MMS. Data from the latter study are the main basis for this discussion. 


Macroinfaunal stations occupied during the SOFLA study are shown in Figure 5.1. 
Twenty-nine stations, including seven in the study areca, were sampled two or four times 
between 1980 and 1984. Water depths ranged from 10 to 148 m. Methods and results 
are summarized by Environmental Science and Engineering, Inc. et al. (1987). 


Several MAFLA stations were sampled on the Southwest Florida shelf between 1975 
and 1978, but none are in the current study area.) MAFLA macroinfaunal results are 
summarized by Blake (1979) (molluscs), Heard (1979) (crustaceans), and Vittor (1979) 
(polychaetes) in chapters within the final MAFLA report (Dames & Moore 1979). 
Additional information on molluscs is provided in a master's thesis by Bishof (1980). 
Barry A. Vittor & Associates, Inc. have subsequently reanalyzed MAFLA and SOFLA 
polychaete samples to standardize taxonomy of this important group, but no report is 
available (B. Vittor, pers. comm. 1989). 


Abundance. Macroinfavnal abundances on the shelf typically range from about 1,000 to 
14,000 individuals/m? and decrease with increasing water depth (Figure 5.6) 
(Environmental Science and Engincering, Inc. et al. 1987). In the study arca, there are 
no macroinfaunal data from waters deeper than 59 m. Coralline algal nodules and algal 
pavements in water depths of 65 to 125 m make infaunal sampling difficult or im- 


possible. In deeper waters, the bottom is steep and bedrock is frequently exposed or 
covered by a thin sand vencer. 


Polychactes, crustaceans, and molluscs accounted for 64%, 17%, and 10%, respec- 
tively, of the macroinfaunal individuals collected during the SOFLA study 
(Environmental Science and Enginecring, Inc. et al. 1987). The average abundance of 
all three groups declined with increasing water depth, but polychactes accounted for an 
increasing percentage of the total as water depth increased. 
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Figure 5.6. Relationships between macrointaunal density and water depth along five 
east-west transects on the Southwest Florida shelf (From: Environmental 
Science and Engineering, Inc. et al. 1987). 
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Populations of some macroinfaunal populations can be expected to vary seasonally, 
cven in the subtropical climate of the study area. No stations were occupied more than 
twice in a given year during the SOFLA study, making it difficult to recognize or 
substantiate seasonal patterns. However, abundances were generally highest during 
summer (Environmental Science and Engineering, Inc. et al. 1987). 


Blake (1979) reported that densities of macroinfaunal molluscs were highly variable 
seasonally at the shallowest MAFLA station near the study area (11 m depth near 
Sanibel Island). The timing of peak abundances of bivalves such as Parvilucina 
multilineata and Tellina versicolor suggested that recruitment occurs during spring or 
carly summer (Blake 1979). This scasonal variation at nearshore (<20 m) stations was 
also evident during the SOFLA study, when abundances of several bivalve species (c.g., 
Crenella divaricata, Diplodonta punctata, Lucina nassula, and Tellina versicolor) were 
much greater during spring (May 1983) than during fall (December 1982) (Continental 
Shelf Associates, Inc. 1987a). However, the pattern was not repeated the following year 
(Environmental Science and Engineering, Inc. et al. 1987). 


Data from the SOFLA study do not reveal any relationships between total macro- 
infaunal abundance and sediment variables such as mean grain size, silt/clay percentage, 
carbonate content, or organic carbon content (Environmental Science and Engineering, 
Inc. et al. 1987). In contrast, Vittor (1979) indicated that polychaete density was 
generally lowest at the MAFLA stations characterized by the finest sediments. However, 
those stations were located in the northern Gulf of Mexico off Alabama and Mississippi, 
where the sedimentary regime is heavily influenced by the Mississippi River outflow. In 
the current study area, the finest sediments are calcareous silts and muds in the vicinity 
of the Dry Tortugas. 


Biomass. Macroinfaunal biomass was not estimated during the SOFLA study. 

However, polychaete biomass was estimated in the MAFLA samples from the Southwest 
Florida shelf. Wet-weight biomass at these stations ranged from 0.3 to 212.4 g/m’, with 
most values <20 g/m? (Vittor 1979). Polychaete biomass (averaged over three 1977 and 
1978 samplings) generally decreased with increasing water depth. The polychaete 
biomass off Southwest Florida is in the low end of the range of values reported from 
shelf environments off the U.S. Mid-Atlantic and South Atlantic coasts (Boesch 1979, 
Tenore 1979; Hanson et al. 1981). 


Species Richness and Diversity. At least 1,121 species were identified during the 
SOFLA study (Continental Shelf Associates, Inc. 1987a). Crustaceans accounted for the 
largest single percentage of the total (452 species, 40%), followed by polychaetes (413 
species, 37%), and molluscs (231 species, 21%). About 53% of the mollusc species 
were bivalves. Polychaetes accounted for about 45% of the total number of species in 
all depth ranges except on the outer shelf, where they accounted for 60%. 


Shannon- Weaver diversity values for SOFLA infaunal stations ranged from 1.66 to 
4.39, with most values in the 3.00 to 4.00 range (Continental Shelf Associates, Inc. 
1987a). Equitability values ranged from 0.41 to 0.87, with most values >0.70. In 
general, individuals were most equitably apportioned among species at stations in the 
<20-m and 50- to 60-m depth ranges. Equitability was not significantly correlated with 
sediment composition variables (mean grain size, sorting, carbonate content) within the 
SOFLA data set. In general, the high equitability values reflect a lack of dominance in 
shelf macroinfaunal populations. The most abundant species in a sample usually 
accounts for <15% of the total abundance. However, some species, such as the 
polychaetes Filograna implexa, Haploscoloplos sp., Prionospio cristata, and Synelmis albini, 


can account for a higher portion of the total at particular locations or during particular 
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seasons. For example, Mediomastus californiensis and Paraprionospio pinnata together 
accounted for 75% of the total population at a nearshore station off Charlotte Harbor 
during December 1982 (Continental Shelf Associates, Inc. 1987a). 


Species Composition. Table 5.4 lists the 25 most abundant macroinfaunal species on the 
Southwest Florida shelf. Most of the species were widely distributed. The most 
abundant species, the polychaete Prionospio cristata, occurred at most stations in water 
depths <100 m but was most abundant in water depths of 23 to 26 m. The polychaete 
Synelmis albini occurred at nearly all stations and was most abundant in water depths of 
52 to 90 m. Mediomastus californiensis, a capitellid polychaete, was most abundant at 
about 20 m depth, although it occurred at all stations. Paraprionospio pinnata occurred 
widely at stations in <100 m depth (often with Prionospio cristata and M. californiensis) 
but was most abundant at two 18 m stations. Species with high, localized abundance 
include Filograna implexa, a gregarious serpulid that was present in dense aggregations 
at a few middle and outer shelf stations during summer; and Ceratonereis irnitabilis, a 
nereid polychaete that was very abundant on the inner shelf (Station 52) during spring. 


Table 5.4. Most abundant infaunal species on the Southwest Florida shelf (From: 
Environmental Science and Engineering, Inc. et ai. 1987). 


Number Grand Mean 
of Abundance Life Feeding 

Species* Stations (No./m*) Mode+ Type§ 
Prionospio cristata (P) 26 334 T DF/SF 
Syneimis albini (P) 29 314 B Cc/S 
Mediomastus californiensis (P) K ¢) 160 B OF 
Paraprionospio pinnata (P) 25 142 T DF/SF 
Armandia maculata (P) Ke) 112 B OF 
Cirrophorus americanus (P) 26 109 B OF 
Myriochele oculata (P) 30 108 T OF 
Filograna implexa (P) 8 91 T SF 
Aricidea fragilis (P) 24 Ad B OF 
Haplosyllis spongicola (P) 21 83 F C/S 
Lucina radians (B) 12 79 B SF 
Prionospio cirrifera (P) 23 67 T DOF/SF 
Cyciaspis sp. A (C) 20 66 B OF 
Goniadides carolinae (P) 15 66 B C/S 
Magelona pettiboneae (P} 18 62 B DF 
Lumbrineris verrilli (P} 25 48 F c/s 
Leptochelia sp. A (7) 21 47 B c/s 
Aricidea catherinae (P) 26 44 B OF 
Levinsenia gracilis (P) 19 43 B DOF 
Axiothelia sp. A (P) 28 42 T OF 
Ceratonereis irritabilis (P) 4 42 F c/S 
Aricidea taylori (P) 18 41 B DF 
Ceratocephale oculata (P) 21 41 F Cc/S 
Sigambra tentaculata (P) 18 41 B C/S 
Tharyx annulosus (P) 28 39 F DF 


* Taxonomic groups: B = bivaive, C = cumacean, P = polychaete, T = tanaid. 
+ Life modes: B = burrower, T = tube dweller, F = free surface dweller. 
§ Feeding Types: C/S = carnivore/scavenger, DF = deposit feeder, SF = suspension feeder. 
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Most of the species listed in Table 5.4 are polychaetes. Particularly well represented 
is the polychaete family Paraonidae (Aricidea catherinae, A. fragilis, A. taylori, Cirrophorus 
americanus, and Levinsenia gracilis). The paraonids, as well as other species on the list 
such as M. californiensis and Armandia maculata, are burrowing, subsurface deposit 
feeders. Spionids, which typically are tubicolous, surface deposit feeders or suspension 


feeders, are also well represented (Paraprionospio pinnata, Prionospio cirrifera, and 
Prionospio cristata). 


Macroinfaunal species composition varies with water depth, as indicated by the 
results of cluster analysis from the SOFLA study (Figure 5.7) (Environmental Science 
and Engineering, Inc. et al. 1987). Stations can be grouped into three depth ranges: 

10 to 23 m, 24 to 48 m, and 52 to 148 m. Depth-related clustering is also evident 
within the middle to outer shelf group. Similar results were noted in the MAFLA study 
(Blake 1979; Heard 1979, Vittor 1979). 


Five middle to outer shelf stations that were sampled during summer 1981 grouped 
across depth contours in the cluster analysis (see shaded area in Lay oe 5.7). A 
contributing factor was the high relative abundance of the — polychaete Filograna 
implexa at those stations during summer. Two stations near rlotte Harbor were 
characterized by a high degree of temporal variability in species composition, and other 
inner shelf stations also showed considerable temporal variability. 


1 Water depth and sediment silt content (4- to 62-u4m 
fraction) are the environmental variables that best explain the observed pattern of 
species composition (Environmental Science and Engineering, Inc. et al. 1987). The 
influence of water depth is evident in the station groupings (Figure 5.7). The influence 
of the silt fraction is indicated on the figure by the mean silt content values next to 
each station. Low silt content at Station 20 helps to explain why it clustered with 
shallower stations rather than with those in its depth range. 


The area north of the Dry Tortugas is characterized by sediments with 60% silt and 
over 90% carbonate content (see Figure 5.4 for general extent of this area). High silt 
apparently does not result in high macroinfaunal abundance, because the organic content 
of the sediments is low. Also, although the sediments in this area differ from those in 
the same depth range to the north, macroinfaunal populations at the two SOFLA 
Stations in this area (Stations 25 and 26) are more similar to those at other stations in 
their respective depth ranges than to each other. This indicates that the silty sediment 
does not support a distinct macroinfaunal community. Station 25 was characterized by a 
seasonally consistent assemblage consisting primarily of the polychaetes Magelona 
pettiboneae, Mediomastus califor-iensis, Prionospio cristata, and P. cirrifera; these species 
accounted for 35 to 40% of toval abundance on all four sampling dates. Prionospio 
cristata was among the most abundant species collected at Station 26, but other species, 
such as the bivalves Caecum pulchellum and Lucina radians and the polychaete Sigambra 
tentaculata, were also major contributors, and the assemblage was not as consistent 
seasonally. The bivalve L. radians was not abundant at Station 25. 


The factor that most likely controls abundance and biomass is food availability. 
Most of the infauna of the Southwest Florida shelf are deposit feeders or suspension 
feeders (Table 5.4). Both types depend on supplies of particulate organic matter from 
phytoplankton production in the overlying water column. In terms of phytoplankton 
primary production, the shelf can be categorized as oligotrophic (Woodward-Clyde 
Consultants and Skidaway Institute of Oceanography 1983). Sediment trap data 
collected during the SOFLA study show that the deposition rate of particulate organic 
material declines rapidly with increasing water depth (Danek and Lewbel 1986). Thus, 
the decline in abundance and biomass of infauna with increasing water depth may reflect 
the concurrent decline in allochthonous food inputs. Autochthonous food supplies such 
as benthic microalgae (which many deposit feeders also consume) also presumably 
decline in abundance with increasing water depth due to light attenuation. 
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Figure 5.7. Cluster analysis results for infaunal data from the Southwest Florida shelf (From: Environmental Science and 
Engineering, inc. et al. 1987). The heavy, solid line is the study area boundary for this synthesis 
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Many species of infauna on the continental shelf are opportunists that are able to 
respond to suddenly favorable conditions such as a pulse of food. Transient primary 
productivity events in the water column associated with Gulf Stream meanders may be 
a source of food pulses to benthos on the continental shelf off the U.S. South Atlantic 
coast (Hanson et al. 1981). On the Southwest Florida shelf, Loop Current intrusions 
have been shown to produce similar, transient increases in water column primary 
productivity (Woodward-Clyde Consultants and Skidaway Institute of Oceanography 
1983), and could provide sporadic inputs of food to deposit-feeding and suspension- 
feeding benthic infauna. 


Food for infauna is also present in the form of benthic macroalgae and sessile 

epibiota such as sponges and hydroids, especially in and near hard bottom arcas. 
umcrous species of motile carnivores and Omnivorous scavengers are adapted to use 

these food sources. Sampling near dense concentrations of sessile epibiota at hard 
bottom Station 52 (in the current study arca) showed there was a distinct infauna 
characicrized by an unusually large number of syilid polychaete species (¢.g., Haplosyilis 
spongicola) (Continental Shelf Associates, Inc. 1987a). Because of the widespread 
occurrence of live bottom on the shelf, this effect may be significant to the shelf 
macroinfauna in many arcas. 


Macroepifauna 


Soft bottom arcas of the Southwest Florida shelf are inhabited by numerous specics 
of macrocpifauna (Environmental Scicnce and Engineering, Inc. ct al. 1987). Most large 
species of motile cpifauna on the shelf are sand dwellers that are either restricted w or 
most abundant on sand, whether or not it is adjacent to rock outcrops or other hard 
substrate. Typical species on the inner and middle shelf include sea stars 
(Astropecten spp., Echinaster spp., Goniaster tessellatus, Luidia spp., Narcissia trigonaria, 
and Oreaster reticulatus), cchinoids (Chypeaster spp. and Lytechinus spp.), holothuroids 
(Isostichopus badionotus), large hermit crabs (Dardanus spp., Paguristes spp., and 
Pagurus spp.); and conchs (Sirombus spp.). On the outer shelf, common macrocpifauna 
include crinoids (Comactinia meridionalis, Leptonemaster venustus, and Neocomatella 
pulchellus), echinoids (Ciypeaster ravenelli, Echinolampas depressa, and Stylocidaris 
affinis), ophiuroids, sea pens, anemones, and others. 


Shell hash, rubble, and coralline algal nodules are widespread on the shelf, even in 
arcas of predominantly sand bottom. Species of sponges, stony corals, octocorals, and 
other sessile epifauna are often visible on the scafloor in these areas (Continental Shelf 
Associates, Inc. 1987a). Some of these organisms may be attached to hard bottom 
covered by a sand venecr; others are attached to bits of shell and debris. Also, detached 
sponges are occasionally secn on the bottom, perhaps dislodged by bottom currents or 
sediment movement. 


There are few quantitative data concerning the abundance or biomass of soft bottom 
macCioepifauna in the study area, other than commercially important shrimp specics. 
Portions of the Tortugas shrimp ground are in the study arca and contain high abun- 
dances of the pink shrimp Penaeus duorarum. Few pink shrimp (or other commercially 
important species) were collected during the MMS SOFLA study. Aspects of the pink 
shrimp populations in the study area are discussed by Costello and Allen (1966) and 
Klima and Cosicllo (1982). 


Cluster analyses of trawl data from SOFLA soft bottom stations indicate that 
— composition of the macroepifauna varics with water depth and substratum type 
(Woodward-Clyde Consultants and Continental Shelf Associates, Inc. 1985). A similar 
finding was reporied by Lyons (1979) for the Hourglass stations north of the study area. 


In the SOFLA data set, the major break in species composition is at about 40 to 60 m. 


184 


Offshore Benthic Communities 


Seagrass 


The offshore marine scagrass community scen on the West Florida shelf is com- 
a oe are Se = decipiens and H. engelmannu. Halophila specics 
occur seasonally on the Florida shelf, appearing in late May or carly June and 
disappearing in October or November. 


Both Halophila species are diminutive when compared with the scagrasses sccn in 
Florida's nearshore watcrs, bays, and estuaries (Figure 5.8). Accordingly, even dense 
Halophila stands never approach the standing crop calculated for climax scagrass specics 
such as Thalassia or Syringodium. Halophila Pr Ao and H. engelmannii arc fringing or 
pioncer species that inhabit the fringes of the climax seagrass beds. They assume 
regional importance on the West Florida shelf because the gentle slope, clear watcr, and 
low wave energy allow them to grow over large arcas (Continental Shelf Associates, Inc. 
and Martel Laboratories, Inc. 1985). 


Halophila engelmannii has been reported from a depth of 90 m off the Dry Tortugas 
(Zieman 1982), but apparently does not occur along the Southwest Florida shelf 
(Continental Shelf Associates, Inc. 1989). This species is abundant in the deep scagrass 
meadows north of Tarpon Springs, forming virtually monotypic stands in the 12- to 

17-m depth range (Continental Shelf Associates, Inc. and Maric! Laboratories, Inc. 
1985). 


Halophila communities on the West Florida shelf have been the subject of three 
MMS studies: two in the Florida Big Bend area (Continental Shelf Associates, Inc. and 
Martel Laboratories, Inc. 1985; Continental Shelf Associates, Inc. 1987b) and one off 
Southwest Florida (Continental Shelf Associates, Inc. 1989). The latter study includes 
stations and transects in the study area (Figure 5.2). In addition, the effects of explor- 
atory drilling on Halophila communities of the Florida Big Bend area were studied by 
Thompson et al. (1989) during an industry-sponsored monitoring program (see 


Chapter 13). 


Distribution. At the peak of its season ember), H. decipiens is virtually 
ubiquitous across the Southwest Forida shett bos t cape 7 approximately 6 to 27 m 


(Continental Shelf Associates, Inc. 1989). Total estimated acreage covered by 
H. decipiens on the Southwest Florida shelf during October 1988 was 1.2 million ha 
(Continental Shelf Associates, Inc. 1989). 
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McMillan 1979), and > re eee from depths of 90 m off the Dry 
Tortugas Bank (Ziema Both H. decipiens H. engelmannii grow to depths of 
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Several algal species grow in association with H. decipiens, with Caulerpa 
quedetetin Ciel Go ote chants, tevenh te C. eines 208 C. mexicana. Off 
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at the 24-m contour, becoming more abundant with depth and eventually replacing 
H. decipiens at depths below 37 m (Continental Shelf Associates, Inc. 1989). 


Sentence ond Boman. Off Southwest Florida, H. decipiens densities range from 0 to 
blades/m maximum abundance off Southwest Florida is higher than the 
maximum in the Florida Big Bend area (about 2,000 blades/m*) (Continental Shelf 
Associates, Inc. 1989). 
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Figure 5.8. Relative sizes of the five species of seagrass seen in South Florida. 
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Halophila decipiens grows most densely in arcas of firmly packed sand and silty sand. 
This species grows sparsely in areas of coarser substrate and is not abundant in hard 
bottom areas (usually covered by a thin sand veneer). In these areas, macroalgal specics 
make a higher contribution to the observed floral density. 

mean 


The above-ground biomass for H. decipiens at Southwest Florida sheif stations 
sampled in 1988 was 194 mg/m?. This compares with a biomass of 161 mg/m? calcu- 
lated for similar seagrass meadows in the Florida Big Bend area , Continental Shelf 
Associates, Inc. 1987b). 


The biomass of H. decipiens is hundreds to thousands of times lower than the 
biomass of seagrass in the climax, nearshore seagrass beds. The dry-weight biomass 
figures provided by Zieman (1982) for the three nearshore seagrass species growing on 
Florida’s southwest coast can be compared with the data for H. decipiens, as follows: 


Halodule wrightii 50 to 250 gm? 
Svringodium filiforme 100 to 300 g/m? 
Thalassia testudinum 500 to «=—-_- 3,100 g/m’ 
Halophila decipiens 0.002 wo 1 gm? 


Seasonality. The growing season for H. decipiens on the Southwest Florida shelf extends 
from late May or carly June through carly October (Continental Shelf Associates, Inc. 
1989). Biomass increases rapidly throughout June and July, begins to level off in 
August, and peaks in September. New blades appear and older blades increase in 
length throughout June, July, August, and September, but as the September growing 
season Climax approaches, fewer new leaves appear. 


Flowering has not been observed in the H. decipiens meadows off Southwest Florida. 
In the Florida Big Bend arca, H. decipiens flowering was observed in iate August/early 
September 1985 (Continental Shelf Associates, Inc. 1988b). Flowering was also reported 
in late August and early September of 1986 and 1987 for H. decipiens off Anclote Key, 
on the West Florida coast just north of Tarpon Springs (Dawes et al. 1989). We 
assume that H. decipiens on the Southwest Florida shelf flowers in late August and carly 
September, this event probably was missed during the MMS study in this area because 
of the timing of the sampling efforts. 


The growing season for H. decipiens off West Florida probably begins in late May 
and early Junc (Continental Shelf Associates, Inc. 1989). Apparently, the peak of the 
growing season for all seagrass species along this coastline occurs in late August and 
September (Zieman 1982; Iverson and Bittaker 1986; Dawes et al. 1989). 


The end of the H. decipiens growing season probably varies from year to year 
depending on the weather. New growth tapers off in September, but the existing plants 
may persist for several months into late fall and carly winter. Off Southwest Florida, 


low densities of H. decipiens were seen in late November 1988, but the species had 
disappeared by carly January 1989 (Continental Shelf Associates, Inc. 1989). During the 
previous growing season, the seagrass disappeared between August and November, 
following the passage of a hurricane and a major tropical depression near the area. Off 
Anciote Key (north of Tampa Bay), Dawes et al. (1989) reported that H. decipiens 
occurs from July through September. Both H. decipiens and H. engelmannii were seen in 
the Big Bend area during February 1985 (Continental Shelf Associates, Inc. and Mariel 
Laboratories, Inc. 1985). 


Environmental Influences. Halophila decipiens growth is limited by light, salinity, and 
temperature (Trocine et al. 1982; Zieman 1982; Dawes et al. 1989). It is a stenohaline 
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species and shows a strong photoinhibitory response at light levels above 300 uE/m?*/s. 
Its most efficient photosynthetic response is at lower irradiance levels (Dawes et al. 


4 
ribbons that form ideal H. decipiens habitat. Closer to shore, there are large areas of 
a thin sand veneer, which is not as suitable for Halophila 


algal rubble. Fine, well-packed sand occurs in depths beyond approximately 33.5 m, but 
H. decipiens does not reach the densities seen in the 21- to 27-m depth range. 
Halophila decipiens apparently does not grow beyond a depth of 37 m in the study area, 
even where suitable substrate is present. 


Light, temperature, and wave action determine how long H. decipiens persists into 
winter months after the growing season has peaked. As the waters off West Florida 


The two continental shelf environments in the study area--the Southwest Florida 
shelf and the Straits of Florida shelf--have many benthic organisms and some benthic 
communities in common, but the distribution of habitats is distinctly different. The 
Southwest Florida shelf is broad (up to 300 km [162 nmi] wide), and for the most part, 
hard bottom habitats are scattered apparently at random across the shelf, probably 


Offshore Benthic Communities 


rAlecting irregularitics in the underlying rock. The exceptions are along two 
north-south oriented, partly buried, anciemt reef features (Pulley Ridge and Howell 
Hook), which support distinctive hard bottom communities. In contrast, the Straits of 
Florida shelf is narrow (a few kilometers wide}, and hard bottom habitat consists of a 
deep reef and assomated coralline rubble zane that 3s presumed to extend in a narrow 
band paralicl to the Florida Reef Tract. 


The presence of hard bottom habitats and scagrass meadows on the continenial 
shelf is important because these areas are considered live bottom, and are therefore 
accorded special protection under a stipulation attached to ail leases in the castcrn Gulf 
of Mexico (MMS 1987). This type of stipulation. which presumably would be applicd to 
any leases in the study area, requircs a viswal survey of the »« ~ Joor within 1,000 m of 
any proposed activity site in a water depin of 100 m or le . | ased on the results of 
the survey, the MMS can choose to protect live bottom by —_airing relocation of 
drilling Operations, or shunting or onshore disposal of drilling fluids and cuttings. 
Biological monitoring can also be required. 


The current live bottom stipulation is based on a conception of live bottom areas as 
rare, valuable, and sensitive “oases” in a “desert” of sand bottom. This conception ts 
simplistic in several respects: 


@ Terminology. The term “live bottom" is unfortunate, because it implics that 
everything cise is “dead bottom.” Danck and Lewbel (1986) question the use of 
the term to categorize portions of the shelf, maintaining that the shelf is 
essentially a mosaic of substratum aud community types. Their view is reason- 
able for many arcas of the shelf where habitat distribution is patchy on several 
spatial scales. Also, because many organisms move between habitats (such as 
fishes that use hard bottom areas for shelter and soft bottom areas for for- 
aging), a lease stipulation that focuses on hard bottom arcas and sessilc 
epifauna ignores the compicx spatial mosaic of benthic communitics and the 
possible interactions among habitats. 


S Rarity. Live bottom arcas are common, not rarc, on the West Florida shell. 
Parker ct al. (1983) estimated that 38% of the seafloor between Key West and 
Pensacola consists of “reef habitat." Similarly, Phillips ct al. (1990b) estimated 
that live bottom (excluding scagrass meadows) accounts for 31% of the 
Southwest Florida shelf. Even arcas categorized as soft bottom in the SOFLA 
Study support sparse populations of sessile epifauna atiached to bits of rubbic 
and debris. Truly rare are those arcas characterized by high-relicf outcrops, very 
dense cpifaunal or macroalgal growth, and/or populations of reef-building corals 
(¢.g., Agancia deep reet). 


@ Vaelue/Productivity. Aithough some live bottom arcas support a high biomass ol 
sessile epifauna, there are no data comparing the productivity of these arcas wiih 
that of the surrounding sand bottom. Live bottom arcas are often considered 
important because they provide habitat for fishes, but much of the food to 
sustain fish populations may come from the surrounding soft bottom, which 
provides foraging grounds for species that feed on macroiniauna. From a 
commercial fisherics standpoint, the most valuable arcas on the Southwest 
Florida shelf are the Tortugas and Sanibel shrimp grounds, which are soft 
bottom areas. 
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B Sensitivity to Environmental Disturbance. Sessile species are often considered 
sensitive to scdimentation because they cannot cvade burial. However, many 
species of stony corals, octocorals, and sponges present on the Southwest 
Florida shelf must tolerate sedimentation and scour in order to survive, because 
sediment movement is a significant natural phenomenon in the arca (Danck ~nd 
Lewbel 1986). Conversely, many species of macroinfauna and soft bottom 
macrocpifauna might be affected by subtle changes in sediment tcxiure duc to 
deposition of drilling fluids and cuttings. The point is not that scssilc organisms 
are tolerant to drilling discharges, but rather that greatcr scasitivity should not 
be assumed a pron (National Rescarch Council 1983). 


®@ Importance of Deepwater Seagrass Meadows. The ecological significance of 
nearshore scagrass beds ts well established (Chapter 4). This significance 


, scagrass 
is diminutive, and its blade dcnsity and biomass on the continental sheif arc 
hundreds or thousands of times lower than that of Thalassia in Florida Bay 
seagrass beds. There is no evidence that this species structures the environment 


any more than the macroalgac that grow more widely across the shelf If 


Halophila meadows arc to be why not also protect comparably dense 
areas of macroalgal growth? . if macroaigal populations are not to 
be protected, why protect Halophila? 


Ideally, a management framework for protection of offshore benthic habitats should 
be based on data concerning their rarity, value (aesthetic, ccological, economic), and 
sensitivity (to sedimentation, mechanical disturbance, cic.). These attributes should not 
simply be assumed to result from the presence of sessile epifauna or seagrass. The 
amount of information available to serve as a basis for management differs for cach 
topic: 


@ Rarity. Considcrabiec information is available the commonness or 
rarity of particular community types on the Southwest shelf, but little is 
known concerning the distribution of benthic habitats on the shelf offshore of 
the Florida Reef Tract. Systematic geophysicai and visual surveys of this area 
will be needed if leasing occurs there. 


@ Vawe. There is not enough information to categorize South Florida offshore 
habitats by ecological and economic value. To determine ecological and 
economic value of offshore communities, more information is needed concerning 
trophic relationships and ecosystem processes. Benthic productivity needs to be 
measured, and links to existing or potential fishery species need to be studied. 


@ Sensitivity. Little is known of the sensitivity of South Florida benthic com- 
munities to habitat disruption and sedimentation, which are two possible 
consequences of offshore oil and gas activities. Colonization plates were 
deployed during the SOFLA study, but these provided no information about 
how defaunated areas of the seafloor might be recolonized. Field experiments 
could be designed to address this problem. In addition, if further drilling is 
conducted elsewhere on the Southwest Florida shelf, quantitative monitoring of 
biological effects would provide useful data for evaluating protective measures in 
the study areca. 


Because effects of drilling activities are typically local (¢.g., within a few hundred 


meters of a drill site--see Chapter 13), protection of rare habitats and communities 
should be the first priority. Other areas may be more valuable or sensitive, but if they 
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are widespread, it is not as critical to lose a small percentage of the total. The 
information on habitat distribution (Southwest Florida shelf) provides a good starting 
point for categorizing prospective drill sites according to the rarity or commonness of 
the benthic community. Additional information about the value and sensitivity of 
benthic communities in the study area would provide a better basis for management 
lecisi 


The middle and outer portions of the Southwest Florida shelf within the study area 
Support unusual benthic communities, including the deep Agaricia reef and other areas 
of lush algal growth. These are the kinds of communities most likely to be accorded 
special protection in the context of oil and gas operations, yet little is known of their 
spatial extent or basic ecology. Additional research is needed to determine the role of 
environmental factors, especially light and nutrients, in the development of these com- 
munities. 
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INTRODUCTION 


Water column studies, particularly studics of plankton dynamics, have traditionally 
not been included in investigations of environmental effects of oil and gas exploration 
and development. A commonly held view is that any effects that occur in open water 
will be short-lived because current transport will disperse the pollutant and re-inoculate 
the area with a similar community. However, this is an overly simplistic view, for 
several reasons. Subtropical and tropical, oligotrophic waters such as those of the Gulf 
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of Mexico and Straits of Florida have tightly coupled pelagic food webs. Stcady-state 
phytoplankton biomass and productivity are maintained by zooplankton grazing and 
nutrient excretion ("regenerated productivity” sensu Dugdale and Goering 1967). Thus, 
these ecosystems may be extremely vulnerable to perturbations at lower trophic levels. 
Also, larvae of several commercially important fishery species have pelagic cggs that 
undergo initial devclopment in surface waters, where they are particularly vulnerable to 
surface disturbance (c.g., oil spills). Because of the restricted nature of seasonal 
spawning and the concentration of eggs and larvae over spawning grounds and within 
nursery areas, nearshore and estuarine species are probably far more vulnerable to 
damage from human activities than are the open ocean species. More developed 
pre-flexion larvae and especially flexion larvae of many estuarine species descend to 
near-bottom waters and so are vulnerable to bottom disturbances. Because fish larvae 
have much longer generation times than most zooplankton and phytoplankton species, 
they have a reduced capacity for rapid recovery from environmental disturbance. 


An adequate data base on plankton community structure and dynamics is necessary 
to predict the environmental consequences of any human activity in the study area. 
Three sections of this chapter summarize information on phytoplankton, zooplankton, 
and ichthyoplankton in the South Florida area. A brief overview of hydrography is 
presented first. 


HYDROGRAPHIC CONDITIONS 
Thomas L. Hopkins 


In order to understand plankton dynamics in the study area, the hydrographic 
conditions must be briefly considered. The study area can be divided into three 
different biological provinces: (1) oceanic waters deeper than 200 m; (2) shelf waters 
(<200 m); and (3) nearshore waters, including Florida Bay and the Florida Keys and 
Reef Tract. 


Oceanic Waters 


Deep oceanic waters, particularly in the area of concern, are dominated by the Loop 
Current. This current originates in the Straits of Yucatan and arcs anti-cyclonically 
through the eastern Gulf of Mexico to exit through the Straits of Florida, where it is 
known as the Florida Current. This rapid current has a quasi-annual cycle of maximum 
penetration into the Gulf during spring and summer, followed by decay in fall and 
winter (Leipper 1970; Maul 1977). The main axis of the Loop Current generally stays 
offshore of the shelf break (183 m h), meandering through the Straits of Florida 
about 80 km (43 nmi) south of Key West, and turning northward to pass about 20 km 
(11 nmi) east of Miami (Brooks and Niiler 1975) (see Chapter 2). Deep counter- 
currents have been found about 20 km (11 nmi) south of Key West (Lee et al. 1977) as 
weil as off Miami (Duing 1975). 


Shelf Waters 
Loop Current intrusions and tides dominate Southwest Florida shelf waters 
(Mitchum and Sturges 1982). However, Loop Current-generated © °'*\°>n patterns on 


the shelf tend to be less important during winter when the curren: « .... west (Austin 
and Jones 1974). Loop Current water mixes with eastern Gulf water to form water with 
intermediate temperature and salinity characteristics (Transition Water) which meanders 
on and off the shelf (Leipper 1970). The depth of the year-round mixing zone (thermo- 
cline) in Transition Water averages 25 to 50 m (Lancraft et al. 1988; Lancraft et al. 


unpubl. hydrographic data). 
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Cold core (upwelling) cyclonic rings are generated by the 
Southwest Florida shelf north of Florida Bay (Chew 1955; Paluszkiewicz et al. 1983) and 
have also been found south of the Keys on the Pourtales Terrace (Niiler and 
Richardson 1973; Chew 1974) and in the Straits of Florida (Lee and Atkinson 1983). 
These rings serve to transport plankton both landward and longshore (northward). They 
are particularly important in carrying larval pink shrimp (Penaeus duorarum) from their 
breeding grounds near the Dry Tortugas to their postlarval nursery areas in embayments 
south of the Everglades (Rehrer et al. 1967). They may also be i 
enhanced biological productivity associated with the 
Khromov 1965; Bogdanov et al. 1968; Austin and Jones 1974). 


Seasonal results of a drift bottle survey on the shelf north of the study area indicate 
a persistent wintertime southward flow. However, spring and summer releases cach 
indicated both southward and northward flows (Williams et al. 1977). This scatter was 
interpreted as a result of the Loop Current shelf intrusions and eddies disrupting the 
typical southward flow entrained by the Loop Curreat. 


Tides tend to dominate the shallow areas of the shelf as indicated by near-bottom 
current meter data (Danek and Lewbel 1986). Data from a station 50 km (27 nmi) west 
of Cape Sable and another 10 to 20 km (5 to 11 nmi) north of the Dry Tortugas 
indicate relatively rapid east-west and north-south tidal flow, respectively. These 
currents were recorded along with a consistent (all seasons) slow southward flow forced 
by the Loop Current. 


Nearshore Waters 


Hydrographic conditions of nearshore waters, including Florida Bay, are primarily 
determined by freshwater runoff and rainfall (Schomer and Drew 1982). They are 
variably modified by tidal flux and longshore currents and therefore experience wide 
variability in salinities (13 to 52 ppt) and temperatures (15 to 38°C) (Schomer and 
Drew 1982). Hypersalinity often occurs during ihe dry season (Tabb et al. 1962), 
especially in the cluster of marine basins north of the upper Florida Keys. 


In the Florida Keys, nearshore hydrographic conditions are different from estuarine 
conditions. Near coral reefs, oceanic currents and associated cyclonic eddies become 
more important, and therefore salinities and temperatures approach ocean conditions 
(Schomer and Drew 1982). 


PHYTOPLANKTON 
Gabriel A. Vargo 


Introduction 


Extensive data are not available for phytoplankton in the study area. Much of the 
information comes from studies conducted 10 to 20 years ago. The variety of methods 
used by the various investigators makes intercomparison of their results difficult. 
Developments in methodology since that period could alter our perceptions of com- 
munity dynamics. The few recent studies tend to confirm earlier results which indicated 
that (1) diatoms, particularly Skeletonema costatum, are the dominant taxa in nearshore 
waters, (2) dinoflagellate populations during non-red-tide blooms are a minor com- 
ponent of the phytoplankton community, and (3) population abundance varies con- 
siderably throughout the year. However, recent work is also limited in scope, particular- 
ly with respect to a lack of seasonal data. Several aspects of the available data have 
been emphasized for their potential ecological significance, along with recommendations 
for additional research. 
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Community Composition 
Gulf of Mexico 


Nearshore Waters. Information on phytoplankton community composition for nearshore 
locations in the study area is limited. Steidinger et al. (1967) and Saunders et al. (1967) 
compiled species lists, the temperature and salinity range for each species, and the 
seasonal abundance of dinoflagellates and diatoms for 19 stations along the west coast 
of Florida. Data from stations located on Big Carlos Pass (Estero Bay), Caxambas Pass 
(Marco Island), and Stump Pass (Lemon Bay) would be pertinent. Steidinger et al. 
(1967) emphasized the difficulty in determining species and community dynamics due to 
the frequency of sampling. Their comparison of cell counts in water samples collected 
at weekly and monthly intervals indicated that (1) weekly fluctuations in genera were 
not seen in monthly samples; (2) monthly samples displayed a smooth gradation in 
abundance, whereas weekly samples showed a high degree of variability in abundance 
throughout the month; and (3) not all species were found in weekly compared with 
monthly samples. Descriptions of seasonal cycles of major species and community 
analysis would therefore be questionable. Common dinoflagellate species in these 
estuarine areas included Ceratium furca and C. hircus, Gonyaulax balechii, Gymnodinium 

, and several Peridinium and Prorocentrum ies. Ptychodiscus brevis, the Gulf 
toxic red tide organism, dominated during blooms. lation abundance varied widely, 
for example, at Caxambas Pass the seasonal range was 0 to 14,000 cells/L while at Big 
Carlos Pass the range was 5,600 to 59,000 cells/L. 


Saunders et al. (1967) found that the ubiquitous estuarine diatom, Skeletonema 
costatum, was the dominant species throughout the year for the entire study area. 
Counts of up to 100,000 cells/mL were recorded. Other species such as Chaetoceros 
Spp., Asterionella japonica, several Rhizosolenia spp., and Bellerochea malleus were also 
common, but the dynamics of Skeletonema appeared to control community composition. 


Steidinger (1972, 1973) delimited four broad phytoplankton assemblages for the 
Gulf: (1) estuarine, (2) estuarine and coastal, (3) coastal and open Gulf, and (4) open 
Gulf. Species composition of the first three groups tended to blend with one another, 
although Ceratium spp. and Rhizosolenia spp., among others, showed close associations. 
In estuarine and coastal waters, unidentified microflagellates (<15 sm) numerically 
dominated the community. Coastal and open Gulf waters were characterized by 10 
dinoflagellate and 8 diatom species, all eurythermal and euryhaline. No seasonal or 
successional study of the coastal or shelf phytoplankton community is available except 
for the Memoirs of the Hourglass Cruises reports on dinoflagellates (Steidinger and 
Williams 1970) and diatoms (Saunders and Glenn 1969). Numerical abundance in the 
coastal open Gulf region is often one to two orders of magnitude lower than in 
estuarine regions. 


Oceanic/Shelf Waters. The open Gulf assemblage is more distinct. being characterized 
by species common to most tropical and subtropical oceanic regions (e.g., the dino- 
flagellates Amphisolenia, Heterodinium, and Pyrocystis and the diatoms Ethmodiscus, 
Gossleriella. and Planktoniella sol [Steidinger 1973]). The cyanobacterium Trichodesmium 
(Oscillatoria) is common in shelf and open Gulf waters. As a nitrogen fixer (Carpenter 
and Price 1977), this species may play a significant role in nutrient cycling on the West 
Florida shelf and Straits of Florida. 


Ivanov (1966) described 128 taxa, based on net tows and water-bottle samples, from 
a transect into the western and southern Gulf of Mexico during October-November 
1964. Trichomes of the cyanobacterium Trichodesmium predominated, although no 
quantitative information was given. Trichodesmium and unidentified microflagellates 
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contributed approximately 73 and 44%, respectively, of the total carbon at Station 252 
in the Gulf (no location given, Hobson and Lorenzen 1972). At two stations occupied 
during Alaminos cruise 72-A-12 (Stations 8 and 9: 24.51°N, 83.12° W and 24.13°N, 
85.56° W, respectively), Oscillatoria erythraeum (= Trichodesmium erythraeum) and 
various species of the dinoflagellate genus Ceratium were numerical dominants (El-Saved 
and Turner 1977). Ortner et al. (1984) occupied a fixed station at 25° 30'N, 87° 00'W 
in the Loop Current for eight days (30 January to 6 February). During this period, a 
high pressure system moved through the area, with a dramatic increase in wind-speed 
and a deepening of the mixed layer from 20-40 m to 110-120 m. Average total 
abundance decreased from 20,000 to 10,000 cells/L at the depth of maximum produc- 
tivity, but the relative abundance of two coccolithophorids (Emiliana huxleyi and 
Gephyrocapsa oceanica) increased during 1 to 5 February. The authors suggest that 
deep vertical mixing may have introduced a pulse of inorganic nutrients into the 
euphotic zone, which allowed an increase in the relative abundance of these two specics. 
Although Trichodesmium may be dominant in surface waters, coccolithophorids are oficn 
most abundant in deeper layers of the open Gulf (Steidinger 1973). Similar results were 
reported by Yoder and Mahood (1983) for samples collected in the subsurface chloro- 
phyll maximum along several cross-shelf transects of the West Florida shelf from 
approximately 83° to 85° W between 25° and 27°N. During the spring cruise (April), 
coccolithophores dominated numerically throughout the water column, with population 
levels on the order of 10* to 10° celis/L. Abundance of this group, primarily E. huxleyi, 
increased in the subsurface chlorophyll maximum. In summer (September), a low 
salinity lens was found throughout the study area. Seaward of this lens, cocco- 
lithophores at population levels of 5 x 10° cells/L were dominant. Within the lens, 
diatoms were dominant, particularly Rhizosolenia alata which accounted for 80% of the 
total diatom cells. Coccolithophores or diatoms other than R. alata were dominant in 
the subsurface chlorophyll maximum. 


Straits of Florida 


Nearshore Waters. Information on phytoplankton community composition and abun- 
dance for nearshore waters in the Straits of Florida region is limited to a few studies of 


epiphytic diatoms on seagrasses and coral reefs. A study conducted in Biscayne Bay, 
north of the study area, is incorporated because it is the only one available for embay- 


ments in this region. 


Epiphytic diatoms growing on blades of the seagrass Thalassia testudinum were 
identified and counted in samples collected in 1964 to 1965 from Biscayne Bay, Bear 
Cut, Southwest Point on Key Biscayne, Soldier Key, and the Ragged Keys 
(Reyes-Vasquez 1970). Tabular data on species, with their temperature and salinity of 
occurrence, were presented. Seasonal abundance from the Biscayne Bay and Bear Cut 
Stations indicates increasing numerical abundance from November through March, a 
decrease in April, increasing again to a maximum in June-July. Maximum populations 
at Biscayne Bay were on the order of 12,000 cells/cm’, whereas levels at Bear Cut were 
5,000 celis/cm?. No interpretation of the difference was made. 


Miller et al. (1978) and Montgomery et al. (1978) surveyed the diatom communities 
at Sambo Reef off Key West, Sombrero Reef off Marathon, and Molasses Reef off 
lower Key Largo. Substrates from various areas on the reef (living coral), adjacent coral 
sand, and nearby Thalassia testudinum blades were sampled and compared qualitatively 
for dominants and quantitatively by diversity, evenness, and similarity indices. Corals 
were characterized by an assemblage of Campylodiscus sp., Podocystis sp., and Triceratium 
Sp., with Amphora and several Diploneis spp. numerically dominating the coral sand 
community and Mastogloia spp. on Thalassia blades. Population densities ranged from 
10° to 10° cells/cm? of surface area. Similar habitats at different reef sites displayed 
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comparable diversity and similarity indices. Attached diatom diversity increased with the 
structural complicxity of the habitat. The authors suggested that diatom flora may play a 
significant role in carbon cycling in reef arcas and may also be used as an indcx of 
favorable or unfavorable biotic conditions. Decreased diatom diversity or clevated 
diatom biomass could be used as an indicator of nutricnt carichment which is 
unfavorable for coral reef maintenance and survival. 


The study by Brand (1988) in Biscayne Bay represents the only comprehensive 
phytoplankton program carried out in this region. Population assessments were a minor 
part of the study, although the community was characterized in terms of picoplankion, 
diatoms, and dinoflagellates. Total population abundance had a maximum at 8 to 
11 million cells/L depending upon the fixative used for preservation. Cell concentrations 
decreased from north to south, with scasonal averages in the northern sections being 
five-fold higher than in southern sections. Small coccoid cells (picoplankton) were 
dominant throughout the bay, comprising 80% of the total cells in north Biscayne Bay 
and 90% in south Biscayne Bay with concentrations of 4 to 5 million and 1 to 2 million 
cells, respectively. Centric diatoms contributed 10 to 20% of the community in the 
north and 1% of less in the south. Dinoflagcilates were a minor componcat of the 
community throughout the bay. Brand (1988) concluded that Biscayne Bay was a 
cutrophied system. limited by phosphate. The major input of nutricnits, including 
phosphate, occurred by land runoff, but Brand (1988) suggesicd that the removal of 
phosphate by adsorption onto limestone iced to limitation by this clement. 


Oceanic/Shelf Waters. No reports of phytoplankton community structure of specics 
composition and abundance are available for the Straits of Florida section of the study 


area. An carly study by Collicr (1964) sampicd six stations in the Straits of Florida at 
several depths, including the estimated depth of maximum primary production (80 to 
90 m), but used scrial dilution methods to determine abundance and dominants. Thus, 
only those species that would grow in the particular medium were found. His gencral 
conclusion was that microdiatoms (Chaetoceros galvestonensis and Chactoceros sp.) were 
numerical dominants at all stations in March-April and again in June. Unidentificd 
coccoid forms were also abundant in Junc, whereas microflagellatcs were important 
whenever microdiatom populations declined. 


> en from Havana, Cuba to the tip of Florida were sampled by Ivanov 
ae Hh, et pe locations were given. The cyanobactcrium Trichodesmum was most 
he exception of onc station where populations of the diatom 
Thamsedts fameneads frauenfeldii were extant. Of the 52 taxa recorded, represeniative species 
included the diatoms Rhizosolema hebetata and R. styliformus, Chaetoceros affinis and 
C. pendulus, the dinofageliaics Ceratium fusus, C. impos and C. vultur, and Pyrocysts spp 
Qualitative tabular data were provided, but no quantitative information was prescnicd. 


Miller et al. (1953) and Bsharah (1957) demonstrated that nanoplankion were 
dominant in the Straits of Florida, based on chlorophyll and dry weight, respectively. 
Miller et al. (1953) provided the first description of subsurtace chlorophyll maxima at 
his station 18 km (10 nmi) cast of the Miami sca buoy. The two-year study reported hy 
Vargo (1968), and used ty Walsh (1969) to compare phytoplankton standing crop in the 
Antarctic to that of the Straits of Florida, presented total cell counts based on fluores. 
cence methods, but no community composition data. Two siations occupicd during this 
Study were within the study arca: West Channel (24° WN, 80° 3'W) and Alligator Reet 
(24° SO'N, 80° 30°W). All stations exhibited a pronounced scasonal cycle with a standing 
crop maximum at ail stations during the same time of year. Vertically integrated counts 
were highest in the winter-spring months, with low valucs Occurring during summer. 

The seasonal average at West Channel was 3.21 x 10"? celis/m’ in 1964 and two-fold 
higher in 1965 to 1966. Similar population levels were found at Alligator Reef, a much 
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shallower location. Subsuriace maxima in counts were consisicnily found and were 
always associated with a thermocline. There was essentially no diffcrence between all 
Stations in the yearly average inicgratcd standing crop, although three hydrographically 
distinct regions were sampicd. Vargo (1968) concluded that vertical waicr movements 
and influx from other regions acted in concert to yield the scasonal cycics in abundance. 


Biomass (Chlorophyll a) and Production 
Gulf of Mexico 


Ww A summary of the primary productivity values available for the Gulf 
of Mexico and the Straits of Florida is presented in Table 6.1. The carlicst production 
value for the Gulf/Straits region is by Riley (1938), based on changes in oxygen im light 
and dark bottles. His value of 0.2 g C/m?/d is the only estimate available for the 
shallow waters of the Dry Tortugas. Kondratyeva and Sosa (1966), using carbon-14 
uptake in coastal and offshore waters off the northwest coast of Cuba (from 22°N to 
23°N between 83° W and 85° W) found a range of 19 to 33 mg C/m’Ad for waters 
<5 m deep. The annual average for coastal areas was 28 g C/m*. No biomass 
estimatcs were presented. Data from the Charlotte Harbor area (Squires 1984), which is 
north of the study area, are the only information availabic for embayments on the Gulf 
coast close to the study area. Chlorophyll and primary productivity in this estuary 
followed similar scasonal trends, being highest during late summer-fall and decreasing 
through latc winter. Chlorophyll concentrations ranged from 2.6 g/L near the mouth 
of the estuary to 47 g/L as an annual maximum within the embayment. Annual 
integrated surface primary production ranged from 126 g C/m? at the mouth to 227 and 
224 g C/m’ within the bay. 


Ww. Steele (1964) provided some of the carliest data on phyto- 
plankton biomass and production in the Gulf of Mexico. Data from a transect run 
along 25° N indicate a rise in the 20°C isotherm to above 75 m, with concomitant 
increases in phosphate concentration and chlorophyll. Chlorophyll concentrations of 
0.2 mg/m’ and greater, between 40 and 75 m, were associated with the intrusion. Two 
other stations were occupied for assessment of primary production using carbon-14 
— (24° S7°N, 84° 08"W on 24 April 1962; and 24° 53°N, 84° 39'W on 25 April 
1962). Both showed subsurface chlorophyll maxima between 75 and 100 m that 
exhibited a day-night city in depth and concentration. Average maximum 
production (mg C/m*/h) in surface water (5 m) was 0.37; at 50 m, 0.43; and at 100 m, 
0.43. The laiter value must be in error, because measured ratcs for three experiments 
were 0.60, 0.57, and 0.43, which give an average for 100 m of 0.53. All values should be 
viewed with caution because they were determined using artificial light on shipboard 
during 4-h incubations. However, based on the chlorophyll distribution, day-night 
periodicity, chlorophyll-to-carbon ratios, and the production rates, Stecle concluded that 
the subsurface chlorophyll maximum was attributable to living cells that increased their 
chlorophyll content rather than an accumulation of cells due to sinking. 


In addition to production rates in nearshore Cuban water, Kondratyeva and Sosa 
(1966) reported values for “oceanic waters,” normally 18.5 to 22 km (10 to 12 nmi) 
offshore with depths >100 m. Few vertical or light profiles were made; rather, surface 
production was related to productivity at various depths (light levels) through the use of 
coefficients determined from two vertical In September 1964, surface (0 to 
5 m) rates were on the order of 1.6 to 6.7 mg C/m*d, which yielded integrated water 
column areal rates of 0.5 to 0.75 g C/m*/d. Rates in November-December were reduced 
considerably to surface values of 0.8 to 1.1 mg C/m*d and integrated touls of 0.16 to 
0.19 g C/m*d. By comparison, a value of 5.16 mg C/m*/d can be calculated from 
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Table 6.1. Primary production rates for the Gulf of Mexico and the Straits of Fionda. 


Volumetric Rate Areal Rate 
mg C/m3m mg Cimid 9 Ciméid g Cim@ yr 


Riley (1938) 0.20 
Kondratyeve and Sosa (1966) 1933 
Squires (1964) 12-279 
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Steele's (1964) rate of 0.43 mg/C/m*, assuming a 12-h day. Kondratyeva and Sosa 
(1966) computed an annual average for the deepwater sections as 160 g C/m?. Another 
Soviet investigator considered the effects of the Loop Current on productivity of the 
Southwest Florida shelf. Belousov et al. (1966, cited by Yoder et al. 1983) identified 
regions of “medium to intensive upwelling” and zones of high production along the 
southwest tip of the West Florida shelf at about 25°N. Primary production in these 
arcas was estimated at 0.5 to 1.0 g C/m*/d. The values were considered to be high 
relative to other regions in the Gulf and were attributed to upwelling caused by 


undefined processes. 


Most stations established by Hobson and Lorenzen (1972) appear to be outside the 
study area, although no locations are given. Their study, dealing with the relationship 
between vertical chlorophyll distributions and the density structure of the water column, 
concluded that subsurface c! vil maxima were influenced by and associated with 
the depth of the pycnoclit, . <uncentration of chlorophyll in maxima was patchy 
throughout the region, but in 19 = most all subsurface maxima were found between 5) 
and 90 m, whereas in 1969 they were only found at 60 m. 


Steidinger (1973) summarized data from a number of sources, including El-Sayed 
(1972) for chlorophyll and productivity in various regions of the Gulf of Mexico. 
Chlorophyll @ concentrations, corrected for phacopigments, ranged from 10 to 
16.5 mg/m? for the central and western Gulf, as well as inshore Gulf waters; values for 
the entire Gulf were about 0.2 mg/m’. Daily productivity values were estimated at 
0.06 g C/m?/d for the entire Gulf and 0.1 g C/m*/d for the eastern Gulf. Such values 
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are lower than earlier estimates. An annual value of 27 g C/m’ calculated by El-Sayed 
(1972) was used by Walsh (1983) for carbon budget cstimates. 


Additional chlorophyll and primary production measurements for specific locations 
were given by El-Sayed and Turner (1977). Stations 8 and 11 for cruise 72-A-12 (23 
June to 3 July 1972) were located at 24.51°N, 83.12° W and 23.02°N, 85.12° W, 
respectively. concentrations were 0.1 to 0.2 mg/m’, with integrated produc- 
tion rates of 336 and 300 mg C/m*/4, respectively. Size fractionation of chlorophyll and 
primary production was done during a 1973 cruise. The <20 pm size fraction 
accounted for 65.1 to 93.4% (mean = 83%) of the standing crop and 51.8 to 99.9% 
(mean = 83%) of the total production. Such values are similar to those reported by 
Malone (1971, 1980) for other regions and emphasize the importance of the nano- 
plankton size fraction in the phytoplankton community. 


The first use of “clean techniques" for primary production measurements in the 
Gulf, as recommended by Carpenter and Lively (1980) and Fitzwater ct al. (1982), was 
by Ferguson and Sunda (1984) and Ortner ct al. (1984). Ferguson and Sunda (1984) 
reported rates of 0.11 and 0.2 ug C/LA, respectively, for a Gulf Loop station (25° 25'N, 
86° 59°W) and a Yucatan station (23° 34°N, 87° 49°W). Oriner et al. (1984) calculated 
integrated rates (0 to 90 m) of 14 and 62 mg C/m*, respectively, for 31 January and 
5 February. The latter value was measured after the mixing event reported in a 
previous section. Inspection of their Figures 2 and 3 produces a range of values of 0.12 
to 0.5 ug C/L for vertical profiles measured before and after the mixing event and arc 
comparable to those measured by Ferguson and Sunda (1984). 


The most extensive data set for the West Florida shelf/Loop Current system was 
obtained by Yoder and Mahood (1983) during the Southwest Florida Shelf Ecosystems 
Study, Year 2 Modification conducted for the Minerals Management Service. The study 
was designed to assess the importance of Loop Current frontal eddies to primary 
production on the West Florida shelf. A series of cross-shelf and along-shelf transects 
was sampled within a region bounded by 24° to 27° N and 82° to 85° W during spring 
(1 to 7 April 1982) and summer (13 to 17 September 1982). Eastward movement of 
Loop Current eddies was associated with subsurface upwelling of nutrient-enriched waicr 
into the euphotic zone during both cruises, with the top of the nitracline located at 
depths of 40 to 60 m. A subsurface chlorophyll maximum was associated with the top 
of the nitracline, with maximum concentrations of 0.2 to 1.2 mg/m’ compared with 
surface values of 0.1 mg/m’. During the spring cruise, the mean production at all depth 
ranges (<100 m, 100 to 200 m, and >200 m) was essentially the same, at 0.5 g C/m*/. 
However, for stations located seaward of the 200-m isobath and within the influence of 
the intrusion, the average water column production was 0.6 g C/m*/4, whereas for three 
other stations located outside the eddy-induced upwelling area, production averaged 
0.1 g Cim*/d. Thus, subsurface upwelling may enhance phytoplankton primary produc- 
tion by as much as six-fold. Similar results were reported for the summer cruise. 
Production within the 100- to 200-m isobath averaged .8 g C/m*/d (the area affected by 
intrusion of nutrient-rich water into the euphotic zone), while rates seaward and 
shoreward of the 200-m isobath were 0.3 and 0.4 g C/m*/, respectively. Concomitant 
increases in chlorophyll were found during both cruises. Subsurface chlorophyll maxima 
were usually associated with the depth of maximum productivity. 


The effect of Loop Current intrusions on primary productivity on the Southwest 
Florida shelf was addressed by Yoder et al. (1983). Total water column, depth- 
integrated primary production was linearly related to the amount of chlorophyll a in the 
subsurface maximum. Although the frequency of eddy-induced intrusions is not known 
(Paluszkiewicz et al. 1983), Yoder et al. (1983) used information from Vukovich et al. 
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(1979) tc estimate that eddy-induced upwelling occurs no more than 50% of the time at 
25°N. Use of the average production rate obtained during the April study 

(0.5 g Cim*/4) that annual production associated with eddy-induced upwelling 
may be 90 g C/m*, or roughly three-fold greater than previous estimates for other arcas 
of the Gulf (El-Sayed 1972; Walsh 1983). Until additional information on eddy 
frequency, duration, and extent is known, the contribution of this phenomenon and its 
role in the production cycle on the West and Southwest Florida shelf remain uncertain. 


Episodic red tide events may also be a significant source of carbon for the West 
Florida shelf (Vargo et al. 1987). Blooms of the toxic dinoflagellates in shelf waters 
may encompass areas from 5,200 to 12,400 km*. Shelf production values durin 
non-bloom periods for areas north of Tampa Bay ranged from 0.3 to 0.5 g C’m*/d in 
waters <100 m deep. These values are comparable to those reported by Yoder and 
Mahood (1983) for depths <100 m (0.4 g C/m’4). Based on measured values and rates 


Nearshore Waters. Information for inshore waters in the Straits of Florida region is 
to two reports. An carly study by Jones (1963) reported primary production 
oxygen light-dark bottle incubations made on patch reefs south of Miami. 
off Sand Key and Elliot Key, production rates were in the range of 0.06 and 
g C/m*/d for gross and net production, respectively. Because total water column 
production, based on net diurnal oxygen changes in the water column, yicldcd 
from 0.9 to 1.9 g C/m*/d in November 224 March, Jones concluded 
phytoplankton were minor contributors to primary production in the shallow patch 
arcas and that benthic scagrasses and macroalgac were ihe major primary produccrs. 


Brand (1988) described biomass, primary production, nutrient bioassay, and related 
parameters for an annual cycle in Biscayne Bay, adjacent to the current study areca. 
Chlorophyll concentrations varied spatially from the north to the south end of the bay, 
from approximately 3.0 to 0.2 g/L. High chlorophyll levels were associated with lower 
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blooms in the bay. 
biomass in the north end of the bay and 80% of the biomass in the south end. Primary 
Production was 5 to 8 times higher in the north 
with production rates of 17 and 2 ug C/L/h, respectively. Assimi- 
lation numbers averaged about 10 mg C/mg chi throughout the bay. Assimilation 
numbers of this magnitude indicate that the phytoplankton were not nutrient limiied. 
Therefore, Brand (1988) suggested “that ultimately it is the jow standing stock biomass 
of phytoplankton that limits planktonic productivity in the bay” and that benthic algac 
south Biscayne Bay, were the dominant primary producers. 


Oceanic/Shelf Waters. There is no recent literature available to characterize phyto- 
plankton biomass or primary production in the Straits of Florida study area. Data from 
publications which cover the period from 1953 to 1972 suffer from a lack of consistent 
methodology. This makes data comparisons difficult except in a general sense. 
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An early study by Miller et al. (1953) established seasonal variation in chlorophyll 
and vertical heterogeneity at a station located 18.5 km (10 nmi) east of the Miami sca 
buoy. Both shallow and deep chlorophyll maxima were found (25 and 175 m). 
Nanoplankton (retained by a Whatman No. 54 filter paper) were 1,200 times more 
abundant than net plai.xton (Clark-Bumpus), establishing this size fraction as the 
dominant members of the phytoplankton community. 


Bsharah (1957) confirmed the dominance of nanoplankton (in this case particles 
<107 um) in monthly samples collected at a station 74 km (40 nmi) cast of Miami 
(25° 33'N, 79° 25'W). Nanoplankton outweighed net plankton by a ratio of 1,000:1, 
based on lyophilized dry weights. Summer maxima (July-August) were found in the 
upper 35 m, and varicd inversely with nutrient concentration (nitrate and phosphatic). 


Alexander ct al. (1961) compared the vertical and seasonal distribution of chloro- 
phyll (measured at the same station occupicd by Bsharah 1957) with valucs obtained 
from Bermuda and the North Sea. The Straits of Florida areca, with a scasonal range of 
undetectable to 0.3 ug chi/L, was described as “tropical.”. Water column subsurface 
maxima occurred in summer (June-July), with concentrations in excess of 0.S ug/L 
between 75 and 100 m. 


Subsurface chlorophyll maxima were studicd by Alexander and Corcoran (1963) 
while following a d:ogue deployed at 100 m between Miami and Cape Canaveral. The 
subsurface maximum was found between 40 to 60 m and was associated with the 
changing position of the 24.00 sigma-t surface. Concentrations were about 0.3 yep/L. 
Total pigment in the water column, however, remained relatively constant over the path 
of che drogue at about 36 mg/m’. 


The first study incorporating primary production measurements in offshore waters of 
the Straits of Florida was conducted by Corcoran and Alexander (1963) at Cat Cay 
Station, the same station occupied by Bsharah (1957). The permanent thermocline was 
located between 120 and 140 m, with a scasonal thermocline at 100 m in winter. 
Nutrient and chlorophyll concentrations were within the range of and displayed similar 
seasonal patierns as previous studies (Bsharah 1957; Alexander ct al. 1961). Low 
Standing stocks of nutrients combined with the deep mixed layer led Corcoran and 
Alexander (1963) to conclude that remincralization processes determined the availability 
of nutrients and controlled phytoplankton biomass and production. 


Primary production valucs were only available for April through August 1960 during 
the Corcoran and Alcxander (i963) study. Highest carbon-14 incorporation ratcs were 
observed between 25 and 100 m, but no correlation was found between productivity and 
chlorophyll concentration. Corcoran and Alexander (1963) implicd that the maximum 
production rate of 0.5 g C/m?/d was found in April, although maximum chlorophyll 
concentration was found in June. They estimated that annual production was at Icast 
equal to that found in the Sargasso Sca (72 g C/m?), but it is unclear how they arrived 
at this conclusion. 


Two additional studies are relevant to the phytoplankton dynamics in the Straits of 
Florida, although they were also conducted north of the study area. Morris ct al. (1971) 
assessed the use of ammonia-enhanced dark carbon-i4 uptake as a method to determine 
nitrogen deficiency in culturcs and natural phytoplankton populations. Natural popula- 
tions in the Straits of Florida did not exhibit ammonia-enhanced dark carbon-14 uptake; 
however, after one to two days incubation in carboy cultures, clevated ammonia- 
enhanced dark uptake occurred. This suggests that the available nitrogen was rapidly 
depleted and the populations became nitrogen-limited. The authors concluded that 
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while Straits of Florida phytoplankton were not nitrogen deficient, the low nitrogen 
levels, coupled with slow regeneration ratcs, would limit biomass. Yentsch et al. (1972) 
measured the activity of alkaline phosphatase, an enzyme that enables use of organic 
phosphorus sources by phosphorus-deficient cells, in the cyanobacterium Oscillatoria 
erythraea (Trichodesmium) collected in the Straits of Florida. The alga exhibited high 
alkaline phosphatase activity, indicating potential inorganic phosphorus deficiency, but 
not necessarily phosphorus limitation, because organic sources could be used. Because 
this species can also fix nitrogen (Carpenter and Price 1977), its growth would not 
necessarily be limited in nitrogen- and phosphorus-deficient environments (c.g., the 
Straits of Florida and Gulf of Mexico). 


Discussion 


Several aspects of the data summarized in the previous section demonstrate features 
of the phytoplankton community and its dynamics that are common to both the Gulf of 
Mexico and Straits of Florida sections of the study arca. 


Importance of Trichodesmium 


Populations of the cyanobacterium Trichodesmium may be an important componcnt 
in the large size fraction of the phytoplankton community. The ability of this alga to fix 
nitrogen and utilize organic phosphorus gives it a competitive advantage over other 
classes of phytoplankton in the oligotrophic waters common to the Gulf and Straits of 
Florida. Mass blooms of this species occur in the Gulf of Mexico from spring to fall 
(Steidinger 1973). It may contribute 20% of the water column production in the 
Caribbean (Carpenter and Price 1977), with photosynthetic rates of 22 mg C/m?/d which 
are On the same order as reported for both nearshore (Jones 1963) and offshore waters 
(Steidinger 1973) in the study area. This species is most commonly found in the upper 
50 m of the water column, with maximum abundance in the top 20 m (Carpenter 1983). 
Extensive rafis or mats of cells accumulate at the surface due to the production of gas 
vacuoles. These rafts have been observed to cover large areas in the Gulf 
(K. Steidinger, pers. comm. 1988, Florida Department of Natural Resources, 

St. Petersburg; G. Vargo, pers. observ.). Trichodesmium must be considered a key 
species in the Gulf of Mexico/Straits of Florida phytoplankton community. 


Importance of Microflagellates and Nanoplankton 


Microflagellates and nanoplankton were noted as the numerically dominant size 
fraction in the phytoplankton community in coastal embayments, nearshore waters, and 
offshore waters of the Gulf of Mexico and Straits of Florida. In oceanic waters, this 
group may contribute 75% or more of the biomass and 80% of the primary production 
(Malone 1971, 1980; El-Sayed and Turner 1977). The maximum photosynthetic rate per 
unit chlorophyll and photosynthetic efficiency tend to be greater in nanoplankton than 
in net plankton (Malone 1980). Growth rates of nanoplankton were on the order of 
1 to 2.5 doublings per day in trupical Pacific waters (Bienfang and Takahashi 1983). 
Ammonia uptake rates for these populations were 75% greater than that of the 3- to 
20-j4m size fraction. The preference for ammonia rather than nitrate as a nitrogen 
source for nanoplankton is indicative of their dominance in steady-state, oligotrophic 
waters where ammonia excretion by zooplankton can be a significant source of nitrogen 
(Malone 1980; Harrison and Wood 1988). Reduced sinking rates of this group 
(Bienfang and Takahashi 1983) combined with enhanced ability to rapidly uptake and 
utilize organic nitrogen to maintain high growth rates allows nanoplankton to easily 
maintain their biomass. If sinking rates are negligible, then this group can contribute a 


206 


Plankton: Phytoplankton 


proportionately greater share of ‘he community net production (Bienfang and Takahashi 
1983). Their importance to higher trophic levels thus becomes increasingly significant. 


Subsurface Chiorophyill Maxima 


For the Gulf of Mexico and Straits of Florida region, subsurface chlorophyil maxima 
(SCM) apparently predominate in the vertical water column distribution of populations, 
biomass, and production. These phenomena are characteristic of coastal and oceanic 
waters worldwide (e.g., Vandevelde et al. 1987). The mechanisms responsible for such 
maxima were reviewed by Cullen (1982). Most SCMs are associated with the nutricline 
and stable isopycnal surfaces (Eppley et al. 1979; Herbland and Voituriez 1979; Yoder 
et al. 1983). Legendre et al. (1986) postulated that phytoplankton associated with 
nutriclines had enhanced production due to matching or resonance of physical scales 
with biological scales. As noted by Vandeveide et al. (1987), Lewis et al. (1983) 
demonstrated that the presence of SCMs can increase thermal stratification at the 
deeper portion of the maxima, thus enhancing stability and confirming possible reso- 
nance of physical scales with biological scales. 


On the West Florida shelf, cyclonic frontal eddies form on the eastward boundary of 
the Loop Current, travelling southward with a frequency of 2 to 14 days (Paluszkiewicz 
et al. 1983). In the northern Straits of Florida and the southeastern shelf region, north- 
ward moving cyclonic eddies cause persistent upwelling of nutrient-rich water onto the 
shelf (Lee et al. 1981). SCMs and enhanced production are associated with this 
upwelling. Yoder (1985) concluded that it is the major process affecting phytoplankton 
dynamics on the outer southeastern shelf. In the Gulf of Mexico, Yoder et al. (1983) 
found that total water column production was lincarly related to the amount of 
chlorophyll in the SCM. Given the apparent low productivity of Gulf surface waters, 
the SCM would appear to be the primary feature affecting production on the West 
Florida shelf. Eddy formation and subsequent upwelling of nutrient-rich water into shelf 
regions On the wesiern edge of the Florida Current in the southern portion of the 
Straits of Florida is undemonstrated. Temperature and sigma-t diagrams presented by 
Vargo (1968) for his Alligator Reef and West Channel stations suggest that seasonal 
upwelling occurs in this region. Its effects on the phytoplankton community and carbon 
fluxes in the area are undetermined. 


Primary Production Rates 


Primary production rates for the South Florida region are summarized in Table 6.1. 
The lack of specific information on the methodology makes it impossible to convert 
volumetric rates to areal rates; therefore the values are listed as reported in the various 
papers. Areal production rates span almost two orders of magnitude. The disparity 
may be the result of differences in methodology, time of year, bloom versus non-bloom 
conditions, location, and experimental condit‘ons. A comprehensive program based on 
consistent methodology and reasonable time intervals is necessary to provide sufficient 
data to assess annual production in the Gulf and Straits of Florida region. 


Conclusions 


Water column studies, particularly studies of plankton dynamics. have traditionally 
not been included in investigations of environmental effects of oil and gas exploration 
and development. The commonly held view is that any effects that occur in open water 
will be short-lived because current transport will disperse the pollutant and re-inoculate 
the area with a similar community. While this reasoning may have merit in the event of 
a single, catastrophic event (¢€.g., major oil spill), it is not valid for chronic, low-level 
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inputs. Chronic input of No. 2 fuel oil to the Marine Ecosystems Research Laboratory 
(MERL) mesocosms affected herbivore populations (planktonic and benthic zooplankton 
and benthic filter feeders), which led to a dramatic increase in phytoplankton biomass 
and production (Elmgren et al. 1980). Subtropical and tropical, oligotrophic waters 
such as those of the Gulf of Mexico and Straits of Florida have tightly coupled food 
webs. Steady-state phytoplankton biomass and productivity are maintained by zooplank- 
ton grazing and nutrient excretion (“regenerated productivity” sensu Dugdale and 
Goering 1967). Thus, these ecosystems may be extremely vulnerable to perturbations at 
lower trophic levels. The paucity of information on water column ecosystems for the 
Gulf of Mexico and Straits of Florida does not allow a definitive ecological characteriza- 
tion of the area or the establishment of trophic structure and interactions, except on a 
theoretical level. Therefore, we cannot predict the effects of oil and gas operations on 
the primary producers of this region except on a theoretical level. 


There are no reports regarding annual cycles of phytoplankton composition and 
numerical abundance for the coastal, shelf, and outer-shelf waters within the study areca, 
nor for regions that bound the study area. Ecologists, physiologists, fisheries biologists, 
and other researchers have become increasingly aware that particular phytoplankton 
species are important from the standpoint of processes and trophic interactions; primary 
production measurements, which average the community response, do not provide a 
complete ecological picture. The seasonality and raft formation of Trichodesmium, 
combined with physical transport mechanisms, are particularly important because this 
species scems to be a dominant within the region and is an important omponent in the 
nitrogen cycle. Oil and gas exploration or development activities that affect surface 
waters could have substantial consequences for production and nitrogen fixation by this 
organism. 


Short-term studies of the annual and inter-annual variation in phytoplankton specics 
composition and abundance should be coupled with the acquisition of basic primary 
production and biomass measurements. The lack of such information precludes an 
accurate assessment of annual production in the region. Such a program should be 
designed to determine onshore-offshore gradients in abundance, biomass, and production 
along the West Florida shelf and the Straits of Florida. Emphasis on regions of 
shelf-break upwelling along the West Florida shelf and potentially in the Florida Keys 
would provide preliminary information about the effects of nutrient inputs from this 
source On primary production and species composition. Short-term (i.c., daily) measure- 
ments at selected locations and seasons should be included to interpret the potential 
variability of monthly measurements. 


Such basic ecological topics as nutrient uptake, grazing, and nutrient remineraliza- 
tion and recycling have not been studied within coastal or shelf waters for this region. 
Models based on constants derived from literature values from other systems need 
re-examination (Walsh 1983), particularly because annual primary production estimates 
need to be increased by a factor of three or more from the standard literature value of 
30 g C/m?. The two cruises undertaken by Woodward-Clyde Consultants and Skidaway 
Institute of Oceanography (1983) represent the most complete data set for primary 
production in the region. However, measurements were only made over approximaicly a 
two-week period. An annual cycle with monthly measurements, at a minimum, is 
required for coastal, mid-shelf, and shelf break regions for the Gulf and Straits of 
Florida areas. This should include a time-series with daily measurements in areas of 
upwelling to determine the frequency and duration of intrusions and their relationship 
to shelf production. 
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Information on sediment/water column interactions is needed. Inputs of nutrients, 
particularly nitrogen, via upwelling processes, water column recycling, sediment re- 
mineralization, and fluxes musi be addressed, especially for the West Florida shelf 
region. No information is available on these processes. Fanning et al. (1982) noted 
that the shallow waters of the West Florida shelf can be mixed to the sediment-water 
interface with subsequent release of nutrients. They suggest that “resuspension of 1 mm 
of shelf sediment could intermittently augment overlying productivity by as much as 100 
to 200%." Nutrient additions to the water column from sediment resuspension, 
particularly during seasonal storm events, may therefore be an important source of 
recycled nutrients for maintenance of primary production on the shelf. This suggests 
that information on sediment/water column interactions is needed before commercial 
activities that could affect sediments within the region are carried out. 


Long-term programs are required to address the processes noted in the preceding 
paragraphs. A study of nitrogen dynamics within the region would address questions 
such as the following: 


@ What is the duration, frequency, and areal extent of shelf-break upwelling 
events, and what annual nitrogen input is associated with these events? 


@ What is the role of sediment nutrient mineralization in the dynamics of nitrogen 
and other nutrients of the region? 


& Do storm events contribute significant amounts of nitrogen and other nutrients 
to the water column along the West Florida shelf? 


@ Is nitrogen fixation by Trichodesmium a significant source of nitrogen for 
oligotrophic shelf waters? 


@ Are macroalgac, particularly the populations found in deep water near the shelf 
break, a significant sink for nitrate input associated with upwelling events? 
What is their contribution to total primary production in the region? 


@ What is the role of nutrient excretion and grazing by zooplankton in primary 
production for the region? 


@ What is the ecological role of toxic red tides on the West Florida shelf? Do 
they contribute a significant fraction of the annual primary production to the 
region? Do they act as regulator of the shelf ecosystem by affecting higher 
trophic levels (¢.g., causing the death of demersal and pelagic fish, thereby 
shifting carbon flow in the system through detrital pathways)? Or re these 
episodic events of such minor scale and duration that they have little conse- 
quence for the functioning of the ecosystem? 


Information obtained through studies designed to answer these questions would 
allow a re-examination of the preliminary ecosystem model developed by Walsh (1983). 
Such an ecosystem model must be coupled to an adequate physical circulation model if 
it is to provide useful and ecologically relevant information. 


Transport of phytoplankton populations from the West Florida shelf to the east 
coast of Florida and northward are known from the appearance of Prychodiscus brevis, 
the toxic red tide dinoflagellate normally only associated with Gulf waters, on the cast 
coast of Florida (Murphy et al. 1975; Roberts 1979) and in North and South Carolina 
waters (Tester et al. 1989). Early drift bottle studies by Williams et al. (1977) indicated 
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that movement of watcr from the West Florida shelf through the Straits of Florida 
occurred. Particles, whether living or not, that can be maintained in the water column, 
can therefore be transported from the Gulf of Mexico to regions along the cast coast of 
Florida and northward. To the best of my knowledge, there is no information availabic 
on the frequency of entrainment of this red tide dinoflagellate or of other living 
particles, or on the mechanisms responsible; it is not known whether there are physical 
water masses that remain coherent for some period of time, or whether they are simply 
mixing events. 


The transport of red tide organisms from the Gulf of Mexico to North and South 
Carolina demonstrates that oceanic and coastal ecosystems are a continuum, rather that 
isolated entities; events that occur in one region can and do affect other areas. Our 
current understanding of how modifications in one part of a system may affect other 
regions along the continuum is rudimentary at best. Therefore, any activities that have 
the potential for effects on components of the system should be approached with 
caution. 


ZOOPLANKTON 
Thomas L. Hopkins 


Taxonomic Dominants 


Taxonomic dominants of the three marine provinces (occanic, shelf, and nearshore) 
can be considered as indicator specics of cach water mass. Furthermore, the 700- 
plankton from each marine province can be categorized by whether they are permancni 
residents of the plankton (holoplankton), members of the plankton for only part of their 
life cycle (meroplankton), or specics that are accidental/temporary (tychoplankton/ 
hypoplankton) members of the plankton. The last group consists of mainly benthic 
forms and as such will be considered in only the nearshore section. 


The above ecological categorizations are more appropriate for open-ocean and shell 
waters than for estuarics where dominant holoplanktonic genera, such as the copepods 
Acartia and Labidocera, have resting eggs that reside for a time in the sediments 
(Kasahara ct al. 1974; Marcus and Fuller 1989). In turn, some reef demersal hypo- 
plankton spend much of their lives in the waters above the recf. These categories are 
limited and do not reflect the truce ccological position of the zooplankton. 


In addition, the paucity of published information on gelatinous zooplankton in the 
Study arca docs not mean that they are absent. Instcad, it is because gclatinous 
zooplankton are fragile and gencrally larger than most other plankton that they are 
excluded from typical plankton studics. For these reasons, few quantitative data are 
available from oceanic and shelf waters. However, the major ncarshore gclatinous 
groups appear to be the ctcnophores and medusac. These groups, while generally found 
in low numbers in Florida estuaries (Hopkins 1966, 1977; Squires 1984; Brand 1988), 
can be seasonally abundant (Reeve and Baker 1975). In addition, clenophores and 
medusae are major predators of other zooplankton (Bishop 1967, Cargo and Schultz 
1967; Miller and Williams 1972; Clifford and Cargo 1978; Reeve ct al. 1978). 
Therefore, gelatinous zooplankton should be given as much aticntion as other, better 


sampled zooplankton taxa. 
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Oceanic Waters 


There are several reports covering the zooplankton of the Loop and Florida 
Currents (Owre and Foyo 1967; Michel ct al. 1976; Stepien 1980). However, most of 
the quantitative data come from eastern Gulf (27° N, 86° W) studies by Hopkins (1982) 
and Hopkins ct al. (1981), and are therefore representative of the oligotrophic 
tropical/subtropical oceanic province. The study area’s oceanic zooplankton community, 
similar to other oceanic tropical/subtropical systems, is very diverse (Hopkins ct al. 
1981) and low in biomass (Hopkins 1982; Lancraft et al. 1988). Most zooplankton 
biomass is found in the mixed, upper 200 m epipelagic zone, with highest concentrations 
in the upper 50 m above the thermocline (Hopkins 1982). Loop Transition Water has 
higher biomass valucs (Khromov 1965; Bogéanov et al. 1968) than the Loop Current 
core, but still only averages 1.2 g dry wi/m* in the upper 1,000 m (Hopkins 1982). This 
value is typical of other oligotrophic oceanic boundary areas (Hopkins 1982). Zoo- 
plankton dry biomass from the Loop Transition Water for the upper 200 m (0.7 g/m’, 
Hopkins 1982) is much less than that from cutrophic waters such as those off southern 
California (2.9 to 10.7 g/m*; Longhurst 1967; Smith 1971) and off western Africa 
(6.6 g/m?, Yashnov 1962). 


Holoplankton. Hopkins’ (1982) castern Gulf of Mexico data show ‘hat the oceanic 
zooplankton community is dominated by holoplanktonic calanoid copepods which make 
up more than 80% by number, and about 50% by biomass. The four largest con- 
tributors of copepod biomass are Clausocalanus, Euchaeta, Pleuromamma, and Eucalanus 
(Hopkins 1982), and combined, they contribute almost half (47%) of the copepod 
biomass in the upper 1,000 m. The first two genera were also considcred important in 
surveys of Southeast Florida oceanic waters (Bowman 1971) as well as of adjacent 
waters to the south (Michel et al. 1976). 


Euphausiids and chactognaths are sccond and third, respectively, in biomass 
contribution. Each contributes about 10% of total zooplankton biomass (Hopkins 
1982). Important euphausiid genera include Euphausia and Stylocheiron, which con- 
tribute 79% of all euphausiid biomass. The most abundant occanic chactognath specics 
is Sagitta enflata (Michel 1984). Lucifer faxoni is the most important planktonic 
decapod, comprising 2% of total zooplankton biomass. 


Oceanic zooplankton biomass decreases with depth but varies during the diel 
period--a result of strong diel vertical migration in many species (Table 6.2). For 
example, Euphausia is a dominant in the upper 30 m at night but not during the day. 
Zooplankton biomass (day and night) is most concentrated in the upper 50 m, with an 
average of 59% of total biomass residing in the upper 200 m (Hopkins 1982). 


Meroplanktonic forms such as decapod and mollusc larvae are relatively 
scarce in the oceanic province (Hopkins unpubl. data), becoming more important 
towards shore. Consequently, meroplanktonic species will be more prominently 
discussed in the shelf section. 


Shelf Waters 


Despite considerable information on Florida shelf communities to the north and 
east, little is known about the zooplankton of the study area (King 1949, Davis 1950; 
Tabb et al. 1962). However, much of the zooplankton community structure of the 
Southwest Florida shelf can be inferred from other studies. The Southwest Florida shelf 
zooplankton community is a mixture of shallow-dwelling, oceanic fauna, in addition to 
some neritic forms (King 1949; Davis 1950; Turner et al. 1979; Hopkins et al. 1981) and 
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Hopkins 1982) 
Depth Zone (m) Day Night 
0-30 Clausocalanus (25.8)* Clausocalanus (21.9) 
Sagitta (10.1) Euphausia (41.0) 
30-100 Euchaeta (30.8) Clausocalanus (39.2) 
Sagitta (23.1) Sagitta (39.0) 
Stylocheiron (37.2) 
Eucheeta (21.3) 
Pleuromamma (18.2) 
100-200 Sagitta (30.5) Sagitta (31.2) 
Pleuromamma (6.8) Pleuromamma (19 8) 
Stylocheiron (18.8) 
Euphausia (11.4) 
200-500 Pleuromamma (70.9) Sagitta (41.0) 
Euphausia (63.7) Pleuromamma (\8 5) 
Sagitta (40.4) Eucalanus (8.6) 
500-800 Eucalanus (46.7) Eucalanus (49.2) 
Pleuromamma (12.6) Sagitta (6.4) 
Sagitta (9.5) Pleuromamma (6 8) 
800-1 ,000 Eucalanus (20.1) Eucalanus (19.4) 
Sagitta (3.6) Sagitta (2.7) 


* Numbers in parentheses are integrated dry wt biomass values (mg/m) 


ic larvae. As the section on Hydrographic Conditions implies, circulation 
patterns exist that can transport epipelagic oceanic species onto the shelf as well as 
move neritic species offshore (Stepien 1980). In Florida shelf systems, diversity tends to 
decrease and abundance to increase shoreward (Hopkins 1966; Bowman 1971). Diversity 
decreases On the shelf because many of the deeper-dwelling (mesopelagic) zooplankton 
which nocturnally migrate into near-surface layers, disappear in the shallower 
ters (Hopkins et al. 1981). 


Holoplankton. Epipelagic oceanic copepod species such as Arcocalanus longicornis. 
Corycaeus Temora turbinata, and Undinula vulgaris, along with other shallow 


Speciosus, 
= (Table 6.3), are sometimes found in shelf waters <S0 m deep, far land- 
heir typical habitat (Hopkins et al. 1981). Epipclagic euphausiids (i.c., 
y wn hel tenera and Stylocheiron carinatum) and the decapod Lucifer faxoni mimic the 
copepod pattern. As previously mentioned, this pattern is expressed because the above 
species do not migrate below 50 m, even in the open ocean, and therefore can survive 
in the shallow shelf waters. 


Resident shelf species, those distributed predominantly over the shelf, are members 
of the calanoid copepod genera Centropages (C. furcatus, C. velificatus, and C. violaceus), 
Eucalanus (E. pileatus), Labidocera (L. aestiva), and Paracalanus (P. quasimodo) 
(Bowman 1971; Hopkins 1982; Squires 1984). The chactognath Sagitta helenae is also 
considered a shelf species (Pierce 1954). 
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Table 6.3. Important holoplanktonic copepod species in five hydrographical regions 
of the eastern Gulf of Mexico (From: Hopkins 1977, 1982; Hopkins et al. 


1981; Turner and Hopkins 1985). 


OCEANIC OCEANIC/SHELF (continued) 
Paracandacia bispinosa (30/30)* Scolecithrix danae (15/S) 
Pleuromamma abdominalis (SO/S)+ Copilia mirabilis (15/S) 
Haloptilus longicornis (S0/SO) Candacia pachydactyla (15/S) 
Scolecithrix bradyi (50/50) Eucalanus subtenuis (15/S) 
Pleuromamma gracilis (100/30) Euchaeta manna (\5/S) 
Chirundina streetsi 100/60) Macroseteiia oculata (15/S) 
Corycaeus furcifer (100/100) Eucalanus monachus (15/S) 
Candacia varicans (100/100) Coryceeus levtus (15/15) 
Pleuromamma xiphias (150/50) Parecandacia simplex (30/30) 
Pleuromamma piseki (300/15) Acartia danae (50/S) 
Euchaeta media (200/50) Eucalanus sewelli (50/S) 
Gaetanus miles (200/210) Lucicutia flavicornis (50/S) 
Euchirella splendens (200/550) Neocalanus gracilis (5O/S) 
Undeuchaeta plumosa (300/15) Rhinocalarus cornutus (50/S) 
Candacia peenelongimana (300/50) Calanus tenuicorms (50/50) 
Eucturella messinensis (300/100) Euchaeta paraconcinna (50/50) 
Gaetanus minor (350/100) Eueetideus acutus (100/60) 
Undeuchaeta major (400/350) Candacia bipiinata (135/75) 

Eucalanus hyalinus (400/100) 

OCEANIC/SHELF 

SHELF 
Clausocalanus furcatus (S/S) 
Pontella spirupes (S/S) Eucalanus pieatus (S/S) 
Labidocera acutilrons (S/S) Paracalanus quasimodo (S/S) 
Arcocaianus longicornis (S/S) 
Corycaeus speciosus (S/S) 
Farranula gracilis (S/S) SHELF/ESTUARY 
Centropages violaceus (S/S) 
Macrosetella gracilis (S/S) Labidocera aestiva (S/S) 
Miracia efferata (S/S) Oithona nana (S/S) 
Pontelia plumata (S/S) Oithona simplex (S/S) 
Temora stylitera (S/S) Centropages hamatus (S/S) 
Undinula vulgaris (S/S) 
Microsetelia rosea (S/S) 
Calocalanus pavo (S/S) ESTUARY 
Oithona plumitera (S/S) 
Nannocaianus minor (S/S) Acartia tonsa (S/S) 
Paracalanus aculeatus (S/S) Parvocalanus crassirostris (S/S) 
Temora turbinata (15/S) Oithona coicarve (S/S) 
Candacia curta (15/S) Pseudodiaptomus caronatus (S/S) 


* Numbers in parentheses are depths (m) of peak abundance (day/night). 
+ S = surface. 
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Merosienkton Shelf meroplankton are important because many of the young of 
commercial species are in this grouping. Zooplanktonic larvae of the pink shrimp 
Penaeus duorarum, rock shrimp Sicyonia brevirostris, spiny lobster Panulirus argus, stone 


crab Menippe mercenaria, blue crab Callinectes sapidus, calico scallop Argopecten gibbus, 
and the brief squid Lolliguncula brevis are found in waters of Florida Bay and the 
Florida Keys (Tabb ct al. 1962; Ingle et al. 1963; Cobb et al. 1973; Lindall et al. 1973; 
Sullivan 1979). The larvae of the pink shrimp, in particular, can make up over 9% by 
number of the planktonic commercial invertebrates (Lindall et al. 1973). 


Nearshore Waters (Estuaries) 


AS was the case for the shelf area, information on estuarine fauna in the study arca 
is scarce. Estuarine zooplankton tend to be distinct from oceanic and shelf com- 
munities, as would be predicted by the extreme hydrographic variability charactcristic of 
these habitats. Holoplanktonic forms are still most important but meroplanktonic forms 
are much more important than in oceanic and shelf areas (Kelly and Dragovich 1967; 
Hopkins 1977). In general, cyclopoid copepods replace calanoid copepods as the 
numerically dominant taxa, with the larger calanoid copepods being more important in 
terms of biomass (Hopkins 1977; Squires 1984). 


Species composition in estuaries is often a function of salinity. For exampic, specics 
associated with higher salinities (Labidocera aestiva, Oithona nana, Paracalanus 
quasimodo, Parvocalanus crassirostris, and Temora turbinata) will penetrate further up an 
estuary in dry periods. Low-salinity species such as Acartia tonsa and Ojithona colcarva 
will be flushed towards the mouth of the estuary during wet periods (Reeve 1970, 
Squires 1984). 


Holoplankton. Acartia tonsa, Parvocalanus crassirostris, and species of Oithona 

(O. colcarva and O. nana) are the major indigenous holoplanktonic copepod species 
both to the north of the study area in Tampa Bay ( ins 1977) and Charlotte Harbor 
(Squires 1984), and to the north and cast in Biscayne (Woodmansee 1958; Reeve 
1964, 1970). These four copepod species, along with an appendicularian (Oikopleura 
dioica), represent about 40 and 60% of total zooplankton in terms of numbers and 
biomass, respectively, for West Florida estuaries (Hopkins 1977; Squires 1984). 
Labidocera aestiva is also a very common estuarine species found on both sides of the 
study area (Woodmansee 1958; Hopkins 1977; Squires 1984). The chactognaths Sagita 
hispida and S. tenuis are also characteristic components of zooplankton communitics in 
Florida estuaries (Pierce 1951, 1954; Squires 1984; Turner and Hopkins 1985). 


Meroplankton. Meroplanktonic shelf species, particularly the pink shrimp Penaeus 
duorarum, can occur in great numbers in Florida Bay, as has already been stated. 


However, typically dominant estuarine meroplankton include mostly benthic larvae from 
cirripedes, echinoderms, gastropods, pelecypods, and polychactes (Woodmanscee 1958; 
Reeve 1964, 1970, Hopkins 1977; Squires 1984). These forms represent about 10 to 
20% of total zooplankton biomass. 


nkton and hypoplankton are rarcly abundant 
(Hopkins 1977; Squires 1984) and those most frequently seen are cumaceans, gammarid 
amphipods, harpacticoid copepods, nematodes, ostracods, platyhclminth worms, and 
small isopods. 
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Coral reef zooplankton communitics are characterized by high abundance and 
diversity (Johansson 1984). The reef is an arca of heightened productivity overlain by 
occanic/shelf waters generaliv much lower in productivity. Reef specics composition (a 
mixture of occanic/shelf and resident rect species) is reflected in this hydrographic 
setting. Summarizing data mostly from Indo-Pacific recfs, Porter ct al. (1978) cstimated 
that resident demersal zooplankton (hypoplankton) provide about 75% of the z00- 
plankton biomass. Therefore, local hypoplankton are generally much more important 
than pelagic Oceanic species in reef zooplankton communitics (Johansson 1984). 


Hloloplankton. The zooplankton community of Alligator Reef (Florida Keys) is domi- 
nated by copepods (Emery 1968; Cahoon and Tronzo 1988). However, most of these 
are demersal or epibenthic harpacticoid copepods, which will be treated in the hypo- 
plankton section. Of the truly planktonic copepods, the most abundant taxa are 
common cstuarine species. including Acartia tonsa, A. spinata, Oulhona nana, and O. 
oculata, Among the chactognaths, the occanic Sagita enflaia & the most common 
species in the reef community, although a few nearshore S. hispida have also been 
collected. Larvaccans, principally Oikopleura sp., ate also found in substantial numbers 
above the reef. 


Meroplankton. Emery (1968) and Cahoon and Tronzo (1988) both collected small 
numbers of larval forms of inshore animals at Alligator Recf. These organisms included 
fish, shrimp, and crab larvac. 


Emery (1968) and Cahoon and Tronzo (1988) have 
shown that demersal zooplankton dominate the recf zooplankton community of Alligator 
Reef, especially during the night when most groups migrate into the watcr column. The 
dominant hypoplanktonic taxa are harpacticoid copepods, followed by nematodes, mysids, 
ostracods, polychacics, amphipods (both caprellid and gammarid), and cumaceans. The 
mysids, including Mysidium gracile, M. integrum, and M. columbraec, ate the only hypo- 
plankton species listed. Unfortunately, ncither of the above papers entified the other 
groups to the species level, so discussion of specics composition is impossible. 

However, from the data presented in the above and other papers (sce Cahoon and 
Tronzo 1988 for review), it can be concluded that all the major reef zooplankton groups 
are dependent on the benthic rect cavirons, particularly the sandy regions, for their 
primary habitat. 


Seasonal Trends in Abundance and Biomass 
Oceanic/Shelf Waters 


Evidence for a distinct seasonal pattern of zooplankton biomass in the occanic and 
shelf areas is weak. Information from one castern Gulf of Mexico occanic station 
indicates that total biomass varics little (maximum its slightly over twice the minimum) 
(Lancraft ct al. 1988), with the maxima occurring during periods of greatest Loop 
Current intrusion on the station. This is no greater than the variability induced by 
mesoscale patchiness in jow-latitude, oligotrophic gyre systems (Haywood 1986). 


Population peaks of shelf-break zooplankton species appeared throughout the year 
(Flock and Hopkins 1981), with most peaks in June. However, like the occanic arca, 
peaks in biomass were only two to three times the minima. Most likely, these paticrns 
indicate a general dampened scasonality modificd by Loop Current gencrated pulses of 
higher productivity both in Transition Waters of the castern Gull of Mexico and over 
the shelf. 


Nearshore Waters 


While there arc limited qualitative data for the zooplankton communitics in the 
Study area, there are no quantitative scasonal data on specics other than those of some 
commercial importance. However, a paticrn of multiple zooplankton population peaks, 
produced by individual species scquentially throughout the year, was observed by 
investigators from areas adjacent to the study arca (Reeve 1964, 1970, Squires 1984). 
Overall biomass valucs tended to rise in the summer/fall months--a trend that some 
(Woodmansce 1958; Reeve 1964) attributed to increased rainfall during those months. 
Biomass maxima were generally two to six times minima and were scattered throughout 
the year (Reeve 1970, Squires 1984). Additionally, the above workers found no 
wintertime reduction of estuarine 20>plankton biomass typical of more northern Florida 
bays (Hopkins 1977). It is likely that these patterns occur in Florida Bay and other 
estuaries in the study areca. 


Conclusions 


Without a good data base on community structure, the environmental consequences 
of any human activity in the shelf and nearshore regions cannot be accuratcly predicted. 
However, certain relevant observations can be made using information from other 
zooplankton investigations. In the oceanic region of the study area, currents can be 
rapid and of considerable geographic extent, resulting in rapid exchange of massive 
volumes. The zooplankton community, then, will have new immigrants advected from 
the Loop Current or resident castern Gulf waters, allowing relatively rapid replacement 
of lost members of the population. Zooplankton generation times are short (one to 
two months), so reproductive replacement will also proceed relatively rapidly. Also, the 
geographic distribution of oceanic species tends to be cxtensive, so it is unlikely that a 
significant fraction of a population would be affected by an oil spill. Therefore, an 


In the shelf, estuarine, and coral reef regions, there may be more extensive conse- 
quences of an anthropogenic disturbance. In these habitats, meroplankton, particularly 
the larvae of commercially important species, are more abundant. Additionally, 
important shelf and estuarine species have eggs and young associated with the bottom, 
making them especially vulnerable to concentrations of chemicals in or near the bottom 
sediment. Likewise, the dominant zooplankton in coral reefs are demersal or epibenthic 
and therefore also highly susceptible to environmental disturbance. The more refractory 
components of oi! from an oil spill could continue to coat bottom sediments for periods 
up to years (E. Van Vieet, pers. comm. 1989, Univ. of South Florida), thereby increas- 
ing the necessary time required for ecological recuperation in these areas. Damage to 
zooplankton, per se, may be a moot point in sensitive nearshore areas because oil 


concentrations necessary to kill the zooplankton probably would destroy the other major 
elements (¢.g., the benthos) of the ecosystem as well. 


. much more is known about the community structure and dynamics of 
es ee ee eee ee, 
real and obvious data gap in this ficld is simply the of any basic quantitative 
surveys of species composition and estimates oe canietien ion sizes. Data such as these 
are crucial in attempts to characterize the zooplankton community in the study area. 
Seasonal studies of ecological, physiological, and physical parameters are necessary to 
understand trends in productivity and seasonal population dynamics of zooplankton from 
the shelf, estuarine, and coral reef areas. Florida Bay zooplankton dynamics, particularly 
near shore, are further complicated by irregular (human-induced) runoff patterns from 
the Everglades. 
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Basic data on zooplankton specics composition, abundance, and distribution in the 
Study area, especially in the shelf and nearshore (estuarine and coral reef) regions. could 
be obtained through systematic, scasonal surveys. These surveys should be coupled with 
seasonal hydrographic studies, in order to evaluate the effect of x dynamics 
(¢.g., horizontal advection) on zooplankton distribution and abundance. would give 
some idea of the residence and transport times of populations in arcas potentially 
affected by human activities in the marine environment. Over the longer term, culturing 

could be conducted to estimate growth and reproduction capabilities. This 
is difficult to obtain from the literature, as little is known of 
zooplankton generation times. Generation times could be used, along with horizontal 


transport estimates, to assess recuperation potential. 


Research needs in the study area, ultimately, would be those perceived by the 
funding agency. The effect of an oil spill, for example, on benthic-associated specics 
and meroplanktonic larvae would certainly need to be addressed. If impact on z00- 
plankton abundance, per se, is the primary concern, then given what has been siaicd 
above regarding relatively quick replacement and recuperation times, at least for the 
oceanic/shelf species, perhaps little needs to be donc. However, if there is an attempt 
to examine the siructure and dynamics of the entire ccosystem in the study arca, then 
zooplankton, in their functional roics as prey and predators, are as important as any 
other community component and deserve their share of attention. 


ICHTHYOPLANKTON 
Thomas L. Hopkins 


Three main horizontal zones of ichthyoplankion distribution are defined for the 
Study area, based on the primary location of adult spawning activity and concentration 
of larvae: (1) Oceanic--water depth >200 m; (2) Shelf--water depth <200 m, exclusive of 
Florida Bay, and (3) Estuarine--Florida Bay, Everglades National Park drainages, and 

Bay. Within the shelf zone, there are three general patterns of ichthyoplankion 
distribution: (a) Widespread--larvae abundant across most of the shelf, (b) Outer 
Shelf--larvae most abundant between the S0- and 200-m depth contours; and (c) Inner 
Shelf--larvae concentrated inshore of the 50-m depth contour. 


Vertical distribution patterns cannot be preciscly assessed, as most ichthyoplankton 
collections were obtained by oblique sweeps of bongo nets over a wide range of depths. 
Generalized vertical profiles for certain taxa (¢.g., Myctophidae [lanternfishes]) may be 
outlined using data from outside the study arca. Neuston nets were also emploved in 
most studies, and data on certain taxa indicate higher numbers of individuals in these 
surface samplers, which will be noted where applicable. 


Taxonomic Dominants 


The term “indicator species" is used primarily to describe species that dominate 
ichthyoplankton collections at certain times or within certain locations. For commer. 
Cially important species (sce below), a species may be included as an indicator if it is 
characteristic of a region, or a particular time of year, even though its overall abundance 
may be low (¢.g., Megalops atlanticus |tarpon}, Eldred 1967a, 1972). 


Information regarding the ecology of ichthyoplankion species and assemblages in the 
Study area is virtually non-cxistent. For this reason, and because it is logical to assume 


that effects of human oevelopment will be measured in economic terms, indicator 
species for cach of the distribution zones are divided into three categories based on 
their direct importance to humans: (a) Commercially Important--specics or taxa for 


collected) have also been obtained from the SEAMAP data base for several occanic 
families. 


Commercielty Imecriant_Tase. Scombrid (mackerel and twa) larvec dominate the open 
ocean commercially important taxa, but only a few of the tuna species (family 
Scombridac) have been collected in any numbers. Available data suggest that in the 


although strong aomponent variability is high 
(Houde et al. 1979, Richards 1984; Richards et al. 1984; Kelley et al. 1985; McGowan 
and Richards 1986). 


Overall, the abundance of this family is low, but recent evidence suggests that 
scombrid larvae may be concentrated along frontal zones such as the Loop Current 
ee ee, oe en ee eee 
in the northern Gulf (Grimes ct al. 1987) and so be greatly underestimated by the broad 
scale surveys such as those cited above. 


Other commercially important families with carlicst larval stages in oceanic waters 
are the Albulidae (bonefishes) (Eldred 1967b); Coryphacnidac (dolphins) (Richards ct 
al. 1984; oe fate: Unttonhcatdes athe iihande ot ah Hou Mees ono 1905s" 
1972; Smith 1980); Istiophoridac (billfishes) (Richards ct al. 1984; Kelley et al. 1985); 
and Xiphlidee (swordfishes) (Grail et al. 1583). None of these families show high 
intra-annual abundances but all are of considerable importance to commercial and 
recreational fishing interests and are characteristic of open ocean waters. Low abun- 
dances may be due in part to aggregation along frontal zones and to concentration in 
the neustonic layer. 


Potentially Commercially Important Texa. This group comprises two familics: 
Myctophidae (lanternfishes) and Gonostomatidac (lightfishes). Both overwhelmingly 
dominate ichthyoplankton collections in oceanic waters, and in fact do so in virtually all 
oceanic regions of the world. 


Predominant in this group is the family Myctophidac. This family generally ranks in 
the top five in both wency of occurrence and abundance in ichthyoplankton collec- 


tions (Houde et al. 1979, Richards 1984; Kelicy et al. 1985), but if inshore and shelf 
groups are removed from consideration, i* ranks first in both categories. Species which 
dominate both the ichthyoplankton and adult collections include Ceratoscopelus specics 
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(cf. warmingii/townsendi), Benthosema suborbitale, Myctophum affine /nitidulum, and 
Notolychnus vaidiviae (Houde et al. 1979; Richards 1984). These four species account 
for up to 60% of the adult myctophid community of the eastern Gulf (Gartner et al. 
1987), with an estimated nighttime biomass in ihe epipelagic zone of 639 kg wet wukm* 
(Hopkins and Lancraft 1984). 


Second only to myctophids in abundance but exceeding them in biomass (679 kg wet 
wukm?, Hopkins and Lancraft 1984) is the family Gonostomatidae. Dominant members 
of this family in the ichthyoplankton include Gonostoma elongatum and the Cyclothone 
species complex. Several other abundant species which were originally placed in the 
family Gonostomatidae and are now separated are Vinciguerria nunbana (Photichthyidac) 
and Maurolicus mueller’ (Sternoptychidaec), M. muelleri being especially abundant in 
ichthyoplankton collections. Houde et al. (1979) reported from thet abundances of 
larval M. muelleri ranged from 1 to 54.7 individuals under 10 m? throughout the eastern 
Gulf study area, whereas abundances of the other species mentioned above ranged from 
0.1 t0 9 individuals under 10 m?. 


Adult myctophids and gonostomatids have been often mentioned as targets for 
potential fishery exploitation in various parts of the world. and active or exploratory 
fisheries are Currentiy underway for several myctophid species (see Gjosaeter and 
Kawaguchi 1980 for review). Vertical distributions of larvae of both these familics are 
similar, with most larvae concentrated within the upper 150 m. Myctophid larvae show 
discrete patterns of vertical zonation, by species or species complex (Loeb 1980, in the 
Pacific Ocean; W. J. Conley, unpubl. data 1989 [for the eastern Gulf of Mexico], Dept. 
Mar. Sci., Univ. of South Florida, St. Petersburg). Vertical data for G. elongatum larvae 
indicate that none are found shallower than 25 m (Lancraft et al. 1988). 


Commercially Unimportant Taxa. The only truly oceanic group in this category ts the 
family Exocoetidae (flyingfishes). Richards (1984) noted that the abundances of larvae 
of this group can be poorly represented in offshore collections because they are confined 
to the neuston layer. When a neuston net is employed, both their frequency of 
occurrence and abundance can be relatively high (Kelley et al. 1985). 


Shelf Waters 


All published information on ichthyoplankton collections from shelf waters of the 
study area comes from Houde and his colleagues and students (Houde and Chitty 1976, 
Houde ct al. 1976, 1979; Houde 1977a,b,c, Dowd 1978; Leak 1981; Houde 1982). The 
most comprehensive of these works is Houde et al. (1979) in which virtually all of the 
material from: these other reports is incorporated. All of these reports are based on 17 
ichthyoplaakton surveys conducted between 1971 and 1974 over the entire West Florida 
continental shelf and offshore areas using 61-cm bongo nets. 


Commercially Important Taxa. One of the most abundant larvae is the carangid 
Decapterus punctatus (round scad), which is broadly distributed across the shelf (though 


somewhat more abundant on the inner shelf). Larvae of this species are found through- 
out the year, and seem to be concentrated in the study arca during winter (Leak 1981; 
J. Ditty, pers. comm. 1989, Center for Wetland Resources, Louisiana State Univ., Baton 
Rouge). Abundance and standing stock estimates over the entire West Florida shelf for 
1971 to 1974 are 1.8 to 53.0 larvae under 10 m* and 10.6 to 416.5 x 10” larvae, 
respectively (Leak 1981). 


Outer shelf species considered to be commercially important are the carangid 
Trachurus lathami (rough scad) and the mugilid Mugi! cephalus (striped mullet). Both ot 
these show highest abundances in fall and winter, neither spawn in summer. Estimated 
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mean annual abundance of T. lathami over the entire West Florida shelf between 1971 
10 1974 was 14.3 x 10° larvae (Leak 1981). Mugil cephalus abundances were not 
calculated by Houde ct al. (1979) because relatively few larvae were captured. Larvae of 
this species are virtually restricted to surface waters (Richards 1984) and spawning 
appears to occur near the shelf edge, thus actual abundance was probably greatly 
underestimated by Houde et al. (1979). 


Inner shelf indicator species include the clupeids Sardinella anchovia (Spanish 
sardine, same as S. aunia of recent literature) and Opisthonema oglinum (Atlantic thread 
herring), and the carangid Chioroscombrus chrysurus (Atlantic bumper). All of these are 
components of the burgeoning “baitfish” fishery in Florida (Houde et al. 1979, Collins 
and Finucane 1984). Houde et al. (1979) reported weighted mean abundances of larvae 
under 10 m* for these species to be 31.0, 30.5, and 1.7, respectively, over the Southwest 
Florida shelf. 


Potentially Commercially Important Taxa. There are no known species in this category 
over the shelf in the study arca. 


Commercially Unimportant Taxa. Three species of bothid flatfishes--Bothus robinsi 
(twospot flounder), Erropus nmosus (grav flounder), and Syacuun papillosum (dusky 


flounder)--and one specics of sea bass (Diplectrum formosum, sand perch) are highly 
abundant across the shelf in the study arca. Houde ct al. (1979) found that the larvac 
of all four species occurred throughout the year, although scasonal variations were 
observed, and all were among the 20 most abundant specics collected. Weighted mean 
abundances for these species were 12.3, 3.4, 17.1, and 9.8 larvae under 10 m* over the 
Southwest Florida shelf. The larvae of D. formosum accounted for 56% of all serranid 
larvae collected (Houde 1982). 


The haemulid Orthopristis chrysoptera (pigfish) and the bothid Citharichthys macrops 
(spotted whiff) are important inshore components of the shelf ichthyoplankton (Dowd 
1978; Houde et al. 1979; Collins and Finucane 1984). Collins and Finucane (1984) 
found O. chrysoptera \o be an important componert of the ichthyoplankton inshore of 
the 10-m isobath during winter. C. macrops was the 16th most abundant specics 
collected by Houde et al. (1979), with a weighted mean abundance of 1.3 larvae under 
10 m?. 


Two other species of Citharichthys--C. cornumus (horned whiff) and C. gymnorhinus 
(angiefin whiff)--are important components of the outer shelf ichthyoplankton, with the 
former more abundant and gencrally found farther offshore than the latter (Dowd 1978; 
Houde et al. 1979). Weighted mean abundances for C. cornuius, which was the 15th 
most abundant species collected by Houde et al. (1979), was estimated at 3.9 larvac 
under 10 m’. 


The family Bregmaccrotidae (codlets), the species of which are oceanic as adults, 
include two specics whose larvae are abundant over the outer shelf. These are 
Bregmaceros cantori (= Bregmaceros Type B; Houde ct al. 1979, Milliken and Houde 
1984), which is the predominant species, and B. houdei (= Bregmaceros Type A; Houde 
et al. 1979; Saksena and Richards 1986). Weighted mean abundances of B. canton, 
which was the seventh most abundant species collected by Houde ct al. (1979), was 
calculated at 15.6 larvae under 10 m? over the Southwest Florida shelf (Houde 1981). 
Most larvae were collected in waters deeper than SO m, but a number of captures were 
recorded inshore to 3) m depth. Extension of the larvae of this oceanic species into 
relatively shallow waters was also noted by Richards (1984). Bregmaceros houdei was 
12th in overall abundance of Florida shelf ichthyoplankton species with 7.9 larvae under 
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10 m? (Houde et al. 1979), most of which were captured offshore of the 100-m depth 
contour (Houde 1981). 


Nearshore Waters 


There are few reports dealing with ichthyoplankton asscmblages within estuarine 
habitats in the study arca, and these are scattered over the range of estuarine systems: 
Naples Bay (Dohner 1987); Everglades National Park (Jannke 1971; Coilins and 
Finucane 1984); and Florida Bay (Powell et al. 1987, 1989). Of these, Dohner (1987) 
and Powell et al. (1989) are the most comprehensive treatments, however, Powell ct al. 
(1989) identified only a few taxa below the family level. Jannke's (1971) research dealt 
solely with sciaenid |i rvae and scasonality of spawning and did not provide relative 
abundances of individual species. 


Commercially Important Taxa. Three commercially important families are dominant 
clements of the estuarine ichthyoplankton: Engraulidae (anchovies), Clupeidac 


(herrings), and Sciacnidae (drums). The family Engraulidae is important in inshore 
(<10 m depth) and estuarine waters, especially during summer months (Collins and 
Finucane 1984; Dohner 1987; Powell et al. 1989). Dohner (1987) found that in Naples 
Bay, larval Anchoa mitchilli (bay anchovy) was more abundant in the upper (lower 
salinity) portion of the estuary, whereas the larvae of A. hepsetus (striped anchovy) 
predominated in the lower estuary. Together, these two species accounted for 41% of 
all ichthyoplankton collected in Naples Bay. 


In the family Clupeidae, Brevoortia spp. (menhaden) and Opisthonema oglinum 
(Atlantic thread herring) are also important at different times of the year, the former in 
winter, the latter in summer (Collins and Finucane 1984; Dohner 1987). Both specics 
appear to spawn mainly in inshore waters <10 m deep for Brevoortia spp. and <30 m 
deep for O. oglinum (Collins and Finucane 1984). After spawning, larvae apparently 
move Of are Carried into estuarine nursery grounds. 


The value of these two taxa as estuarine indicators is uncertain. Collins and 
Finucane (1984) found few larvae of Brevoortia spp. and no O. oglinum within the 
estuaries sampled; all occurrences were at the mouth of the estuary and farther offshore 
along the Florida Everglades. In contrast, Dohner (1987) found significant numbers of 
larvae of Brevoortia spp. throughout Naples Bay during winter and of O. oglinum in the 
middle and lower portions of the bay during summer. 


Many species of the family Sciaenidae, especially Cynoscion spp., use estuarine 
waters as nursery grounds. Dohner (1987) reported C. arenarius (sand seatrout) to be 
abundant in mid-bay waters, where larvae are found throughout the year; but peak 
abundances occurred between March and October. Powell et al. (1989) found the 
congener C. nebulosus (spotied seatrout) to be the most alyundant sciaenid in the 
Florida Bay system, occurring in all seasons except winter, with a peak abundance in 
late spring. This species was more abundant in the western than the eastern bay 
(Rutherford et al. 1989). Collins and Finucane (1984) reported few sciaenids in their 
collections. This appears to be due to sampling limitations; Collins and Finucane 
(1984) sampled only at the surface, whereas Dohner (1987) and Powell ct al. (1989) 
both reported maximum catches of Cynoscion in subsurface or bottom samples. There 
are some data to suggest that pre-flexion C. arenarius perform diel vertical migrations to 
maintain their position within the estuary (Peebles 1987). 


ant Taxa. There are no known species in this category 
over the shelf in the study area. 
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Commercially Unimportant Taxa. Gobiid (goby) larvae are extremely abundant in 
estuarine waters, generally ranking first or second in overall abundance (Collins and 
Finucane 1984; Dohner 1987; Powell et al. 1989). However, this family is also an 
abundant component of shelf and oceanic ichthyoplankton (Houde et al. 1979, Richards 
1984). This fact, coupled with the taxonomic diversity of the family and difficulty in 
identifying lower taxa make most of the gobiids, at present, a poor taxon to use as a 
habitat descriptor. 


A few species of gobies may currently be of some use as habitat indicators. Dohner 
(1987) identified three species from Naples Bay. In decreasing order of abundance, 
Microgobius thalassinus (green goby), Gobiosoma robustum (code goby), and G. bosci 
(naked goby) were dominant members of the bay ichthyoplankton from spring through 
fall. Peak abundances of the two Gobiosoma species were separaicd along the salinity 
gradient in much the same manner as the Anchoa (anchovy) species, with G. bosci 
mainly in the upper estuary and G. robusauwm in the lower. Microgobius spp. and 
Gobiosoma spp. were also reported as being abundant inshore (<10 m) and in the 
estuary (Collins and Finucane 1984). However, there could be up to four and eight 


species, respectively, within these two gencra. 


Bienniids (combtooth blennies) have been reported as abundant members of the 
ichthyoplankton by Dohner (1987) and Powell et al. (1989), but few specimens have 
been identified below family level in either study. Family diversity and lack of specics 
level identifications again present the same difficultics in using this group as indicators. 


Larvae of the sciaenid Bairdiella chrysoura (silver perch) are abundant in Everglades 
National Park and Naples Bay waters, but peak abundances appear temporally offset, 
with Everglades larvae being most abundant in winter (January-February, Jannke 1971) 
and Naples Bay larvae being most abundant in spring to carly summer (April-June, 
Dohner 1987). Bairdiella chrysoura was the 12th most abundant species collected in 
Naples Bay (Dohner 1987). 


Seasonal Trends in Abundance 


Predictably, seasonal trends are most pronounced within estuarine and inshore 
habitats. All studies cited for shelf, inshore, and estuarine ichthyoplankton noted 
pronounced seasonal peaks of abundance. For some species, ¢.g. Anchoa mutchilli (bay 
anchovy), small larvae were present throughout the year but a pronounced peak was 
observed during a certain period (Dohner 1987); for others, ¢.g., Chloroscombrus 
chrysurus (Atlantic bumper), larvae were absent except during certain periods of the year 
(Houde et al. 1979; Collins and Finucane 1984). 


For estuarine and inshore species, attempts have been made to correlate presence or 
peak abundance (= peak spawning activity) with changes in primary productivity, 
temperature, salinity, or a number of other biotic and abiotic factors. Variability in 
salinity has been shown to limit abundances and distributions of certain ichthyoplankton 
specs within estuarine habitats (Dohner 1987; Powell et al. 1989). Houde et al. (1979) 
attempted to correlate surface temperature and salinity factors with larval distribution 
and abundance, but noted that because of the complex interrelationships of various 
factors and their effects on abundance, cause and cffect could not be established; at best, 
the authors could determine a range of environmental conditions within which a given 
species is gencrally found. The overall pattern for indicator species is typically a singic 
spawning peak, which may often be quite protracted (¢.g., Microgobius thalassinus |green 
goby}, Dohner 1987). There are two spawning complexes of species, one where larvac 
are collected in highest abundances during spring-summer and the other where larvac 
are mainly taken in late fall and winter. 
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Oceanic ichthyoplankton are variable in their response to seasonality. Epipelagic 
Species such as scombrids appear to have spawning periods restricted to spring and 
summer (Houde et al. 1979; Richards et al. 1984; Kelley et al. 1985), while many of the 
dominant mesopelagic myctophid (lanternfish) species and Gonostoma elongatum 
(lightfish) spawn throughout the year (Lancraft et al. 1988; Gartner in prep.). 


Table 6.4 lists the taxa discussed in the regional sections, along with scasonal 
occurrence of larvae and periods of peak abundance and (where known) temperature 
and salinity ranges associated with presence of the species in a given region. 


Conclusions 


As with zooplankton, without more accurate assessment on structure, seasonality, 
and environmental correlates of abundance, effects of human activitics cannot be 
forecast with any certainty. However, it should be noted that with few exceptions, most 
of the indicator species described have pelagic eggs that undergo initial development in 
surface waters (<5 m depth). This renders them particularly vulnerable to surface 
disturbance. More developed but still pre-fiexion larvae and especially ficxion larvac of 
many estuarine species descend to near-bottom waters (Dohner 1987) and so are morc 
vulnerable to bottom disturbances. It is likely, though by no means certain, that oceanic 
species would show less perturbation due to their generally protracted spawning seasons 
and broad geographic distribution of larvae (Houde et al. 1979; Gartner in prep.). In 
contrast, the more restricted nature of scasonal spawning and the concentration of eggs 
and larvae over spawning grounds and within nursery areas (e.g, Houde 1977b; Collins 
and Finucane 1984) probably renders nearshore and estuarine species far more sensitive 
to detrimental effects of human activities. Finally, it should be noted that a number of 
commercially important nearshore species such as Mugil cephalus (striped mullet), Elops 
saurus (ladyfish), Albula vulpes (bonefish), and Megalops atlanncus (tarpon) are spawned 
in oceanic or shelf break waters. Larvae of these species face increased natural 
mortality because of the long distances between natal and adult habitats, which means 
that they would probably be especially susceptible to deleterious environmental effects. 


Within the study area, published information on ichthyoplankton assemblages is 
sparse. Houde et al. (1979) and Richards (1984) provide the only comprehensive 
oceanic data, while Houde et al. (1979) give the only overview of Southwest Florida 
shelf ichthyoplankton assemblages. Only two papers (Collins and Finucane 1984; Powell 
ct al. 1989) provide broad-scale outlines of inshore and estuarine larval fish distributions 
in the study area. Dohner (1987) is an unpublished master’s thesis. 


These investigations mainly provide temporal-spatial distributional records within the 
Study area, with only minimal corrclative information between species presence (abun- 
dance) and environmental parameters. Except for Dohner (1987) and Powell ct al. 
(1989), none of these studies use data bases compiled within the past decade. Although 
most of these studics have recognized and addressed the need for multi-scasonal 
sampling, all were relatively short-term studies (three years maximum), which do not 
provide sufficient data for evaluation of interannual variability. 


Data comparisons among these various studies are at best approximations because of 
differences in sampling methodology, collection period(s), and also behavioral differences 
among various fish species. For example, Collins and Finucane (1984) sampled only in 
surface waters in shallow inshore and cstuarine stations. As a result, they reporied 
relatively few sciaenid larvae in their collections. Jannke (1971), Dohner (1987), and 
Powell et al. (1989) all fished both at the surface and near bottom and reporied 
relatively abundant captures of several sciaenid species. 
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Table 6.4. Southwest Florida ichthyoplankton species, season(s) of 
SnAENEn Ghumnddanen, 00 enponieied sanaee of qalltty and teperahse 
in tee b provinces (Adapted from: Houde et al. 1979). See text 


Species Season(s)* Salinity (ppd Temperature (*C) 


310 - B99 180- X09 
31.0 - 9 240- D9 
31.0 - 36.95 210- D9 


te ey 
sree 188: BE 
reef) 33: 48 
>= 83 $38: Shh 
HB MBS ay 


>= 320 150- 259 
>= 35.0 170 - >32.0 
> 165 

23.5 - 37.4 164-318 
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There are virtually no data on standing stock or production of ichthyoplankton in 
the southeastern Gulf. The cstimaics of Houde et al. (1979) were calculated over the 
entire West Florida shelf and it would be difficult to apply them confidently to the 
study area. However, there is a largcly untapped data base available which includes 
long-term seasonal (spring and late summer) ichthvoplankton and hydrographic data. 
This is the SEAMAP data base referred to earlier. 


In recent years, there has been increasing interest in the use of ichthyoplankton data 
lo provide fishery-independent stock assessment of commercially and potentally 
commercially important finfish species. To this end, the SEAMAP in the Gulf of 
Mexico mentioned carlicr was created and sampling began in 1982. Biannual 
(April-June and August-September) sampling began in 1984 and has continucd cach 
year, with funding continuing through at least calendar year 1990. Station locations 
include cross-shelf transects to 25° N (estuarine systems excluded). Ichthyoplankton data 
are available, with most identifications to family and many Ww specics level. All 
hydrographic data as well as ichthvoplankton samples are archived and available for use. 
lt is therefore possible to gencrate a long-term, modern, broad-scale data base for ich- 
thvoplankton in the study arca. It is of paramount importance, however, that additional. 
short-term, fine-scale studics be undertaken as well to provide accurate determinations 
of species biomass and cnvironmental correlations to abundance for whthyoplankton 
within the study arca. 


In future plankton studies, ichthvoplankton research should be accorded a high 
priority, with particular attention focused on nearshore and estuarine areas. The reason 
is that fish larvae have much longer gencration times than most zooplankton and 
phytoplankton specics, which means a reduced capacity ‘or rapid recovery from scrious 
or long-term environmental disturbance. Those fish spevics with restricted spawning 
periods or areas, such as many inshore and estuarine inhabitants, would take the longest 
lime to recuperate. Assessments of variability and periodicity of abundances of ichthyo- 
plankton stocks of these species in the study arca would allow accurate indexing and 
forecasting of economic loss in the event of environmental disturbance. 


In the short term (one to two years), completion of baseline ichthyoplankton 
collections should be a priority. Broad-scale sampling of the ncuston and water column 
for ichthyoplankton would be necessary to fill in the regional and temporal gaps left by 
the relatively few studics (Houde ct al. 1979, SEAMAP) that have been conducicd in 
the study area. Quarterly sampling would be the minimal acceptable sampling frequen- 
cy; bimonthly would be better; and monthly over a 24-month period would be ideal. 
Initial baseline data are needed over the entire region. These data should be 
quantitative so as to provide accurate cstimatcs of standing stock and its variation over 
time. In the optimal scenario, multiple discrete sample collection gear would be used to 
obtain vertical distribution profiles of key ichthyoplankton species. Such data would 
indicate zones of high abundances of various specics within the water column, allowing 
investigators to evaluate which species would be most strongly affected during an oil 
spill or other environmental disturbance. 


Over the longer term, data from bascline surveys could be used to pinpoint arcas 
and periods of special intcrest--c.g., nursery arcas, periods and depth zones of highest 
spawning activity and larval abundance. These could then be sampicd in a more 
intensive manner. Physiological experiments to determine growth rates and environ. 
menial tolerances of some of the important species could also be conducted to aid in 
the prediction of environmental cffccts of human activitics in the marine environment. 
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CHAPTER 7 
FISH COMMUNITIES AND FISHERIES BIOLOGY 


William S. Alevizon (Fish Communities) 
Scott P. Bannerot (Fisher'es Biology) 
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INTRODUCTION 


South Florida's marine habitats support a diverse fish and shellfish fauna that 
includes numerous species of recreational and/or commercial importance. There are 
several reasons why these fishery resources are of concern with respect to oil and gas 
operations. First, many fishery species are dependent, at one life stage or another, upon 
(he complex, interrelated sysiem of mangrove forests, coral reefs, and seagrass beds 
described in Chapter 4. Therefore, oi] and gas operations or other human activities that 
might result in damage to these coastal and ncarshore systems could affect arca fish 
populations and fishery resources. Second, most specics of commercially and recreation. 
ally valuable fish have pelagic eggs that undergo initial development in surface waters 
(see the Ichthyoplankton section in Chapter 6), where they are vulnerable to oil spills. 
Finally, because several fishery species in South Florida are overexploited, any additional 
source Of mortality from human activities is of concern. 


This chapter is divided into two parts. The first part discusses South Plorida fish 
communities, in the context of the region's marine habitats. The second part discusses 
the biology of commercially and recreationally important fishery species. Fishery 
statistics are not included in this chapter, those data are presented in Chapter 11. 
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FISH COMMUNITIES 
William S. Alevizon 


The intent of this section is to summarize available information on fish 
associated with marine and cstuarine habitats of South Florida. in terms of fish life, 


not exclusivciy) continental, wile others (c.g. Chactodontidac, Holocentridac, Scaridac, 
etc.) are primarily insular. As Gilbert (1972, p. 137) out, “Varying degrees of 
mixing of the insular and continental faunas occur in ida .. The richness of the 
Florida Keys fish fauna is duc in large degree to this mixing effect.” 


waters of South Florida encompass several distinct aquatic environments, cach 
is inhabited by a different fish fauna. The waters scaward (south) of the 

ime through the Straits of Florids are occupied by a wholly 
una similar to that of the Bahamas and other insular 
Caribbean. To the north of the Keys lic the waters of the castern Gulf 
. The fish fauna here is primarily a warm temperate 

the west coast of Florida. The marine waters of the western 
of Mexico) grade into the estuarine waters of Florida Bay 


accordingly modified. 


is 

Because the Florida Keys are a chain of islands rather than a continuous land mass, 
there are varying degrecs of mixing of these dissimilar faunas alorg the length of the 
his mixing depends to a large extent on the degree of isolation 
provided by the land masses of the islands themscives. Nonetheless, the faunas are 
reasonably distinct over most of the area encom by these two regions as defined 
herein, and thus are so treated in this section. abundance and diversity of fishes in 
these waters also reflects, to some degrec, the diversity and availability of uctive 
habitats. Frequently, mangroves, lush scagrass mcadows, desert-like sand flats, benthic 

forests, and a varicty of coral reef habitats all occur within the relatively short 
distance of 15 to 18 km (8 to 10 nmi) from shore. 


Ca 
‘i u 
rr 


ei 
2 
Z 
2) 
£2 


cast, and the fish fauna 


$ 
z 
: 
é 


The fish assemblages occupying major habitat types of these waters have been 
subject to varying degrees of scicntific scrutiny, most have been subject to little more 
than cursory examination. Because the purpose of this review is to summarize what is 
known rather than to speculate on what is not, the length of the various subsections 
reflects the amount of available material, rather than the relative ccoological or cconom ¢ 
value of the fishes of cach habitat. | have organized the review by discussing scparaicly 
the fish assemblages inhabiting cach of the aquatic environments defined above (ic., 
waters scaward of the Keys, which will be referred to as the Straits of Florida area, and 
the waters north of the Keys, which includes Florida Bay and the Southwest Florida 
shelf), There are many wavs in which the habitats occurring im waters of South Florida 
might be classified or distinguished. | have attempted to use what seemed the most 
simple and logical scheme to me; others might disagrec, but this fact merely serves to 
emphasize the point that boundaries between habitats are necessarily arbitrary, scldom 
do clearly defined demarcations exist, cither between habitats or the fish assemblages 
associated with them. As Weinsicin and Heck (1979) noted, “In general, many fishes do 
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not seem to recognize the scagrass mcadows, coral reefs, and intervening sandy areas as 
distinct habitats, but apparently perceive them as a spatial continuum.” Transitional 
areas where biotopes and/or habitats grade into one another may be among the most 
interesting and diverse portions of the environment, yet these have been particularly 
negiccted in the literature, primarily because they are difficult to define or delimit for 
study. 


Descriptions of fish communities frequently classify fishes by habits and home range. 
Some species may be considered truc residents, in the sense that they conduct all or 
most of their usual activities within the boundaries of that habitat. Others are con- 
sidered visitors; these are fishes that are regularly present in a given habitat, but also 
regularly include other habitats in their activity patterns. Still others are termed 
transients: fishes that occasionally pass through the habitat en route to other areas, but 
interact minimally if at all with other residents or visitors. Such distinctions are useful, 
particularly in the context of predicting the vulnerability of species and/or communitics 
io various environmental traumas. Destruction or damage to a habitat would generally 
be expected to have a greater effect on obligate residents of that habitat than on 
visitors. Other types of ecological information particularly useful are feeding habits, 
reproductive habits, and movement patterns. Unfortunatcly, only for a relative few of 
the hundreds of fish species residing in waters of South Florida is sufficient information 
available to predict probable responses to ecological perturbations. 


While our understanding of the autccology of the component species is fragmentary 
and far from compleic, our understanding of species interactions within any given 
habitat is even more limited. At a higher level, the intcractions between species 
assemblages of different habitats, although unquestionably critica! to our overall 
understanding of these complex systems, is almost totally unexplored. Perhaps one of 
the most useful aspects of synthesis documents such as this is to provide a perspective 
on the current degree of knowledge about a particular areca, and thus provide direction 
for research into neglected areas. 


Straits of Florida Area 


The Straits of Flovida areca consists of two regions: inshore waters, extending from 
the seaward (southern) shoreline of the Florida Keys out to the edge of the continental 
shelf, and the offshore waters of the Straits proper. Major inshore habitats include 
reels, seagrass beds, sand flats, and mangroves. Major offshore habitats include pelagic 
zones (epipelagic, mesopelagic, bathypelagic) as well as the deep benthic. 


Inshore Habitats 


The inshore waters of this region can be regarded as a single, complex, integrated 
aquatic environment, composed of a number of distinctive (but interactive) habitats. 
Dividing such systems into discrete “communities” based on recognizabiec habitat 
boundaries may be convenient from an organizational standpoint, or from the perspec- 
live Of a single research project. However, it is evident that many, if not most, of the 
fishes of the region use a number of different habitats, either on a daily basis and/or at 
different stages of the life cycle. As an example of the former (daily) use patterns of 
different habitats, many of the Haemulidac (grunts) as well as Lutjanidaec (snappers) 
remain sheltered on coral reefs by day, but forage far out into seagrass beds at night 
(Starck and Davis 1966; McFarland ct al. 1979). A good example of the use of different 
habitats at different stages of the life cycle is that of the great barracuda Sphyraena 
barracuda. Bohike and Chaplin (1968, p. 198) report that, “specimens up to a foot in 
length prefer sandy and weedy shallows and seldom are found offshore or on the reefs, 
these areas being the preserves of individuals two feet long and larger.” Such patterns 
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are common among the larger fishes of the region ( Weinstein and Heck 1979). 
However, many of the smaller species (¢.g., damsclfishes) are more limited in their use 
Of space resources. In some cases, most of their life cycle is spent within a few square 
meters. 


Thus, ihe environmental conditions in any habitat type will undoubtedly have direct 
and indirect effects on the fishes inhabiting others. The approach of Starck (1968), who 
treated the fishes from the shoreline out to the dcep reefs as a single “community,” is 
the most realistic view. However, because most scientific studies of fish assemblages 
have been confined to one type of habitat, and because each habitat has a distinct and 
characteristic fish assemblage, it is convenient to discuss them in that manner. 


Coral Reefs. As habitat for fishes, coral reefs are characterized by extreme topographic 
complexity combined with high primary productivity, thereby providing unusually rich 
sources of both food and shelter for resident fishes. It has been generally assumed that 
it iS primarily the latter (shelier) which accounts for the unparalicled abundance and 
diversity of fish life observed around coral reefs. Coral reefs of the tropical western 
Aulantic are frequently found in close association with extensive seagrass beds and 
mangrove-lined shores. Thus, in these areas of high primary production, the reefs often 
represent the only habitat with sufficient structural complexity to provide shelter for 
larger fishes. It is not surprising then that reefs serve as focal points for aggregations of 
a wide varicty of fish life. In the Indo-Pacific region, particular reef areas may be 
frequented by over 2,000 fishes species, and in the Caribbean by over SOO (Starck 1968). 
Of these, many are not obligate residents, but also occur regularly in non-reef areas. 
However, the presence of recfs unquestionably increases the overall abundance of many 
species considered merely visitors or transients on coral reefs. 


On reefs, fishes are diverse in size, from diminutive cardinal fish which mature at an 
inch or so in length, to sharks and groupers that are meters in length and weigh 
hundreds of kilograms. Similarly, the diversity of form is remarkable, ranging from the 
swift, sleek barracuda to the bizarre symmetry of the clumsy boxfish. Apparently it is 
the diversity of living spaces and food resources available on the reef that makes this 
diversity of form and size possible in such relatively restricted arcas. 


The forces and/or processes that shape and maintain the structure of coral reef fish 
communitics have been the subject of active debate during the last decade. Tradition- 
ally, coral reef fish communities have been described as deterministic; that is, they were 
seen as essentially stable equilibrium communities maintained by complex ecological and 
behavioral interrelationships (Smith 1973; Hobson 1974; Smith and Tyler 1975; Hobson 
and Chess 1976, 1978; Molles 1978; Anderson et al. 1981; Greenficld and Greenficld 
1982; Alevizon et al. 1985). Community structure was belicved to be largely determined 
by reef structure, prevalent currents, nature of nearby habitats, etc. More recently, this 
view has been challenged by a stochastic approach, in which reef fish communities were 
seen as unstable assemblages that unpredictably varied in space and time as the result of 
a number of essentially random processes, including chance recruitment of larvae 
(Russel ct al. 1974; Sale and Dybdahl 1975; Sale 1977; Williams and Sale 1981; Sale and 
Douglas 1984). 


To a large extent, this controversy has subsided, as most (but not all) current 
workers tend to agree that cither vicw may be correct, depending on size of the study 
area (Brock ct al. 1979; Anderson et al. 1981; Ogden and Ebersole 1981; Sale and 
Douglas 1984). For small-scale areas, occupied by relatively few species (e.g., single 
coral heads), the stochastic view appears reasonably applicable. For large reef areas 
(e.g., hundreds of meters), occupied by many species, conimunity structure is reasonably 
predictable on the basis of reef structure and other environmental factors. 


Fish Communities 


Coral reefs of the tropical western Atlantic region have a characteristic zonauion 
pattern much simpler than that found among Indo-Pacific rects. This pattern has been 
described by reef investigators (Gorcau 1959, Milliman 1973) and has seen shown to 
clearly affect reef fish distribution and abundance paticrns of the region {Alevizon et al. 
1985). This basic paticrn, although highly variable from site to site, appears to be 
recurrent throughout the Caribbean basin, including the Florida Keys. Although limited 
in extent and highly patchy in distribution, reasonably well-developed representatives of 
major zones are present in the Florida Keys. 


The living coral reefs in the Florida Keys represent the scattered fragments of what 
was once 4 much more extensive living reef system. in addition to the deep and shallow 
reefs, there are substantial arcas composed of the dead and largely eroded limestone 
bases of this carlier system. These are called hardgrounds. Thus, the term “coral reef 
as used herein in the context of the Florida Keys inc! udes several distinct habitat types 
(see Chapter 4). The living reef areas are topographically much more complex and 
contain a greaier variety of food and shelicr resources than do hardground areas. The 
two types of reef habitat are treated separately in this section. 


Living reefs: The reef fish communities of the Florida Keys appear generally similar in 
Structure to those of the remainder of the Caribbean region, with differences primarily 
in relative abundances of species rather than specics composition (Starck 1968). 
Although Florida reefs undoubtedly experience periodically lower temperatures than reef 
areas of the Caribbean, there is no evidence to suggest that this factor (temperature) 
has resulted in specific differences in resident fish communities. Starck (1968) con- 
cluded that the relatively minor differences between Floridian and Bahamian rect fish 
assemblages arc probably attributable to the heavier sediment load present in the 
Florida Keys. Nonetheless, the fish communities associated with living reef arcas of the 
South Florida region appear to vary considcrabiy both spatially (Bannerot and Schmale 
1982) and temporally (Alevizon and Greene in prep.). Therefore, generalizations should 
be made with caution concerning the particular structure of these diverse and complex 
communitics. 


The living recfs of the South Florida region may be subdivided into those occurring 
in shallow water (< about 3) m), and those occurring in deeper water. The 3) m 
division is arbitrary, but convenient from the standpoint that this depth roughly 
represents the practical limit for direct observation of fishes using conventional scuba. 
Beyond this depth, visual censusing from submersibles or remotely operated vehicics are 
the only practical methods of assessing reef fish assemblages. For this reason, much Iss 
is known about the deep reef communitics. Shallow and deep reef fish assemblages are 
discussed separaic!y her., but these represent the two extremes of one continually 
grading system. 


The first extensive ichthyological survey of the Florida reef fishes, much of which 
incorporated direct observation by hard-hat diving, was by Longicy and Hildebrand 
(1941). They reported about 300 specics that might be properly considered reef 
inhabitants. Starck (1968) conducted what remains today the most comprehensive 
survey of the ichthyofauna of the Florida Keys, using scuba and ichthyocides (fish 
poisons). He recorded some 517 species, 389 of which he considered reef residents, 
from waters off Islamorada in the Upper Keys. 


Recent quantitative studies of shallow (<30 m) reef fish assemblages of the South 
Florida region have been concentrated in two main areas: the Key Largo and Looe Key 
National Marine Sanctu: ties. The continuing data accumulating from these sites, and 
their protected status, make these areas unique and invaluable resources in terms of 
future ecological assessment of fish assemblages of the region. included in these works 
are the studies of Alevizon and Brooks (1975) who used cinctransects to compare Key 
Largo fish assemblages with those of a Venezucian recf. These same filmed samples 
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were also compared with similar samples obtained at the same sitcs in 1984 to evaluate 
changes in the Key Largo fish communities over a 10-year period (Alevizon and Greene 
in prep.). Jones and Thompson (1978) developed a rapid visual technique to assess fish 
assemblages of some Key Largo rects as well as reef areas of the Tortugas. Banncrot 
and Schmale (1982) used the same technique Ww assess a varicty of fish communitics of 
the Key Largo National Marine Sanctuary. Bohnsack and Bannerot (1986) developed a 
Stationary visual census technique to assess reef fish populations at Looe Key, and 
Bohnsack et al. (1987) conducted an extensive survey of fish assemblages of the Looe 
Key National Marine Sanctuary. Following the grounding of the freighter Wellwood in 
1984, the National Marine Sanctuary Division of NOAA initiated a comprehensive and 
continuing study of the fish assembiages on and around Molasses Reef (Key Largo). 


Because these studics have used substantially different censusing techniques, 
comparative analysis of their respective results is tenuous at best. Results obtained by 
different methods have been shown to be highly dependent on the methodology 
employed, in terms of quantification of community structure (Greene and Alevizon 
1989). Even when various methods were used at the same limited reef site and at 
essentially the same time, major discrepancies were apparent in terms of quantifying 
relative abundance of species (Alevizon in prep.). However, it appears that these 
methods are comparable for simply ranking species in terms of abundance. 


None of the methods used to quantify the structure of reef fish communities of 
Florida reefs have demonstrated an acceptable level of precision or accuracy to suggest 
that they may be considered reliable estimators of actual or relative abundances of 
component species. This point is particularly relevant for possible future investigations 
purporting to investigate temporal changes in these fish assemblages, or to assess the 
impact of particular catastrophic events. Nonetheless, much baseline information exists 
on reef fish community structure from a variety of reef habitats in the Florida Keys. 
This information will undoubtedly become even more valuable in the future, and will be 
helpful in assessing long-term trends as well as traumatic episodes, provided it is used 
with the aforementioned limitations in mind. 


There have been several ecological studies of particular species or groups of species 
of reef fishes of the Florida Keys, although much of this work exists only in the form of 
unpublished theses and dissertations (¢.g., Davis 1967, Emery 1968; Alevizon and 
Landmeier 1984). It is beyond the scope of this document to summarize all this 
material. In some cases, these studics may eventuaily prove more useful in assessing 
certain types of ecological changes than the more general community studies described 
above. The main reason is that those more limited studies usually incorporate more 
accurate quantification of ecological parameters. 


As is typical of shallow Caribbean reef sysiems in general, the non-cryptic res dent 
Shallow reef fish fauna of South Florida is dominated in terms of both numbers of 
species and numbers of individuals by seven families: Acanthuridae (surgeonfishes), 
Chaetodontidae (butterflyfishes), Hacmulidae (grunts), Labridae (wrasses), Lutjanidae 
(snappers), Pomacentridae (damselfishes), and Scaridae (parrotfishes) (Table 7.1). These 
families consistently include the vast majority of species (i.c., Bannerot and Schmale 
1982; Bohnsack and Bannerot 1986; Alevizon and Greene in prep.). However, probably 
because of localized variability in such ecological factors as reef structure, currents, 
sedimentation, larval recruitment, etc., the specific structure of fish communities, in 
terms of relative abundances of particular species within these groups, often varies 
substantially from reef to reef. The cryptic fauna notably includes numerous members 
of the families Apogonidae (cardinalfishes), Blenniidae (combtooth blennies), Gobiidac 
(gobies), and Holocentridae (squirrelfishes). Quantitative studies of these fishes have 
lagged behind those of the non-cryptic fauna. 
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Table 7.1. Dominant fish families associated with marine habitats in the study area. 


Habitat Scientific Name Common Name Reterence(s) 
STRAITS OF FLORIDA 
Shallow Coral Reets Acanthuridae surgeonfishes Bannerot and Schmaile (1982) 
(<30 m) Chaetodontidae butterflyfishes Bohnsack and Bannerot (1986) 
Gobudee gobies Greene and Alevizon (1989) 
Haemulidae grunts 
Labnidae wrasses 
Lutjanidae snappers 
Pomacentridae damseltishes 
Scandae parrottishes 
Deep Coral Reets Chaetodontidae buttertlyfishes Colin (1974, 1976)* 
(>30 m) Gobudae gobies 
Grammidae bassiets 
Holocentnidae squiretfiishes 
Labridee wrasses 
Serranidae sea basses 
Seagrass Beds Apogonidae cardinatfiishes Springer and McEriean (1962) 
Balistidae leatherjackets Alevizon and Gorham (1989) 
Climdae chinids Robbiee and Zieman (1964)* 
Gobudae gobies 
Haemulidae grunts 
Labnidae wrasses 
Lutjanidee snappers 
Scaridae parrotfishes 
Serranidae sea basses 
Sand Flats Gobidae gobies Alevizon and Gorham (1989) 
Haemulidae grunts 
Laebridae wrasses 
Lutjamdee snappers 
Epipelagic Carangidae jacks 
Coryphaendae dolphins 
Exocoetidae flyingfishes 
Istiophoridae billfishes 
Scombridae mackereis 
FLORIDA BAY Engraulidae anchovies Carter et al. (1973) 
(Mangrove, Seagrass) Gerreidae mojarras Thayer et al. (1987) 
Lutjanidae snappers 
Mugilidae mullets 
Sciaenidae drums 
Sparidae porgies 
SOUTHWEST FLORIDA Bothidee lefteye flounders Juhi (1966) 
SHELF (Oemersal) Haemulidae grunts Darcy and Gutherz (1984) 
Myliobatidae eagle rays 
Sciaenidae drums 
Serranidae sea basses 
Sparidae porgres 


* Studies conducted at other Caribbean sites 
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Predation is unquestionably the major cause of reef fish mo-tality (Goldman and 
Talbot 1976, Sale 1980). Because predators differ in their abilities to utilize different 
types of prey, it follows that the nature of piscivorous predators in an area may have 
major effects on the structure of fish assemblages. The major large piscivorous predator 
of these shallow reef communitics of South Florida is the great barracuda Sphyraena 
barracuda. \n contrast to Bahamian reef systems, other large piscivores such as 
serranids (groupers and hinds) and large snappers are relatively rare. Similarly, sharks 
are seldom seen. Although actual data are lacking, much of this discrepancy appears to 
be a result of human impact on these systems. The reefs of South Florida have been, 
and continue to be, intensively fished for grouper and snapper both by hook-and-line as 
well as spearfishing. Bohnsack (1982) has documented an increase in these fishes in the 
Looe Key National Marine Sanctuary after that area was closed to spearfishing. Sharks 
seem to avoid areas of heavy boating and diving. Based on 15 years of diving in Florida 
and the Caribbean, | believe that sharks are more common in areas seldom frequented 
by humans. Barracudas may be considered visitors on any particular reef because they 
typically have sizeable home ranges including many reefs and other habitats. Other 
notable piscivorous visitors to these reefs include several members of the family 
Carangidae (jacks) as well as Mcgalopidae (tarpon). These fishes are frequently 
observed in shallow reef areas of the region and presumably take their toll of prey. 


The ability of shallow coral reef fish communities of this region to recover from 
man-made or natural disasters is not well understood, although several notable studies 
investigated this problem. Smith (1973) conducted experiments using the ichthyocide 
rotenone on small patch reets in the Bahamas, and concluded that “the effects of 
sampling (fish removal) disappear four to nine months later.". Bohnsack (1983) studied 
the effects of a record-breaking cold spell on fishes inhabiting a series of artificial reefs 
in the Florida Keys. He reported that “the rapid return of all community parameters to 
pre-disturbance levels Suggest that reef fish communities are highly resilient." In 
contrast, effects of the wholesale destruction of 2 section of reef by the grounding of the 
freighter Wellwood in 1984 led to major (and still lasting), large-scale changes in the fish 
communities of the damaged area (L. Greene, pers. comm.). Thus, in general, it 
appears that reef fish communitics are resilient to a variety of short-term disturbance, 
provided the reef habitat itself is relatively undamaged. Furthermore, because most 
small-sized reef fishes are annuals, environmental disturbance during times of spawning 
may “result in an abrupt and drastic reduction in abundance from one season to the 
next” (Gilbert 1972). 


Deep reefs: As a home for fishes, deep (>30 m) reefs of the tropical western Atlantic 
share many common characteristics with shallow reefs of this region, including, most 
notably, a diversity of shelter, species, and food resources. However, there are also 
some notable differences which unquestionably account for the marked differences in the 
fish Communities associated with cach type of habitat. Most notably, because of 
decreased light penetration, primary production is much lower on the deep reefs. Thus, 
the abundance of primarily herbivorous fishes is likewise decreased. Surgeonfishes, 
parrotfishes, and many of the demersal territorial damselfishes, which are prominent in 
shallow reef systems, become rare or absent below 40 to 50 m (Colin 1974, 1976). 
Nocturnally foraging grunts (Haemulon spp.) and snappers (Lutjanus spp.) which feed 
largely in shallow seagrass beds likewise decline sharply in abundance. 


Thus, in contrast with shallow reefs, the deep reef fish communities of the Carib- 
bean are characterized by the predominance of strictly carnivorous, non-schooling species 
including members of the familics Gobiidae (gobies), Grammidae (basslets), 
Holocentridae (squirrelfishes), Labridae (wrasses), and Serranidae (sea basses) 

(Table 7.1). The only group known to be at least partially herbivorous, commonly 
observed on deep Caribbean reefs, are the Chactodontidae (butterflyfishes); however, 
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even these are probably primarily carnivorous at these depths. Additionally, as might be 
predicted by the more offshore location of deep recfs. these assemblages are more likely 
to include a much greater proportion of visitors or transients than shallow reef assem- 
blages (Moffitt et al. 1989). While published information on direct observation of deep 
reef fishes of the South Florida region is lacking, the general similaritics between other 
components of the Floridian reef ichihyofauna with that of the insular Caribbean 
Suggest that there should be strong similarities. 


: The term “hardgrounds” is used here to denote arcas of low-relief (general- 
ly <2 m) limestone with a low percentage of cover by live scleractinian corals. Such 
areas represent the eroded bases of carlier reef systems, and may in many arcas of 
South Florida exceed the area occupied by live coral. Hardgrounds frequently support 
luxurious growths of octocorals of the families Gorgonidae (sea fans) and Plexauridac 
(sea whips). Sponges are also common in these areas. The limestone substratum is 
perforated by numerous holes and fissures of varying dimension, creating additional 
shelter for fishes. In many areas of South Florida, these formations also form a 
characteristic “spur and groove" system, such that finger-like projections of reef are 
interspersed with sand channels. The overall vertical relief of these systems is generally 
no more than about 2.5 m, with about | m due to the sand-rcef interface and the 
remaining 1.5 m duc largely to octocorals. Although the relief and topographic 
complexity of this system are rather low compared to “living” coral reefs, it is noncthe- 
less sufficient to support a reasonably diverse and abundant fish assemblage. The 
distribution of this habitat type through the Florida Keys is discontinuous. Hardgrounds 
occur frequently in very shallow waters (<4 m) immediately scaward of the shoreline of 
the Keys. They are absent or infrequent from Hawk Channel to the outer edge of the 
eef Tract, where they reappear in depths ranging from about 4 to 20 m. 


There is little quantitative information available on the fish assemblages of this 
particular habitat type. Colton (1978) compared the fish assemblage of an offshore 
hardground area (Crocker Reef) to that of an inshore “live coral" patch reef (Hens and 
Chickens Reef), both of which were roughly located off Windiey Key. In terms of 
Species Composition, he found the two sites to be comparable. Of 111 species observed 
at either arca, 65 were common to both, 31 were found only at Hens and Chickens, and 
15 found only at Crocker. However, he found major differences in abundance patterns 
of the component species. These he attributed mainly to differences in reef structure 
and nature of adjacent habitats. The primary difference between the two areas includes 
predominance of small, non-schooling forms on the hardground reef, which apparently 
“lacks the extensive vertical relief required for the shelter requirements of such 
[schooling] species" (Colton 1978), and the lower species diversity of the hardground 
reef area. 


Richardson (1986) conducted a limited quantitative study of the fish assemblage of a 
Shallow (nearshore) hardground area off Bahia Honda Key. Larger fishes were censused 
by timed visual counts. Smaller cryptic forms were censused by a quadrat procedure. 
The depth range of the samples was 1 to 3 m, and samples were collected only over a 
5-week period in mid-winter (December through January). Although this study suffers 
from limitations, it is discussed here because it represents the only quantitative data for 
fishes representative of an inshore hardground habitat. Richardson's (1986) results 
Suggest that a single wrasse (Halichoeres bivitiatus) was the dominant species, comprising 
nearly 25% of the fishes observed. This finding is similar to that of Colton (1978) who 
reported the wrasse Halichoeres garnoti to be the dominant species at the offshore 
hardground habitat. Of the remaining fishes, Richardson (1986) noted that, “most ... 
were <4 cm in length or had juvenile color patterns.” This suggests that these 
shallow-water, inshore, hardground arcas may represent a major “nursery” area for many 
species that occur as adults in more offshore reef (and other) habitats. 
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Despite the jack of attention given to hardground reefs by fish ecologists, the value 
of this habitat in terms of fish ecology should not be under-cmphasized. Hardgrounds 
comprise a large extent of the “live bottom” throughout the South Florida region, and 
thus, in total, represent a haditat supporting a very high biomass of fishes. 


A weakness in reef fish investigations of South Florida is that most were done 
solely during daylight hours. Nonctheless, the relatively few nocturnal studies that have 
been conducted in South Florida (c.g., Starck and Davis 1966; Colion 1978), as well as 
in other areas of the Caribbean (c.g., Collette and Talbot 1972; Weinstein and Heck 
1979), have made it clear that at night, the fish communities of reef areas differ 
substantially from those of daylight hours, both in terms of species Composition, relative 
abundance of species, general activity patterns, and individual behavior. 


Seagrass Beds. Seagrasses form an extensive and important habitat for inshore marine 
fishes of the tropical western Atlantic region, including South Florida (Table 7.1). As 
well as supporting an assemblage of primary residents, seagrass beds function both as a 
major foraging arca for rect fishes (Longley and Hildebrand 1941; Randall 1963, Starck 
and Davis 1966; Ogden and Zieman 1977; Robbice and Zieman 1984) and a nursery 
areca for many species that primarily occupy reefs as adults (Weinstein and Heck 1979, 
Tabb et al. 1962: Thaver ct al. 1987). 


Seagrasses have less habitat structure than reefs, with little vertical relief or shelter 
for longer fishes. Typically, the only large fishes seen by dav in scagrass arcas are those 
relatively immune to predation, such as the trunkfishes (Ostraciidac) or larger predators 
themselves (i.c., barracudas). Thus, it is not surprising that by day, scagrass beds of the 
Caribbean region support a relatively simple fish assemblage. Quantitative sampling of 
seagrass arcas in the U.S. Virgin Islands revealed that the diurnal fish assemblage was 
largely dominated by a few small (<12 cm standard length) scarids (parrotfishes), labrids 
(wrasses), clinids, and syngathids (pipefishes) (Robbice and Zicman 1984). Similar 
results were obtained in Panama by Weinstein and Heck (1979). 


However, with the cover provided by darkness, a diversity of predatory fishes move 
away from their diurnal, shelicr sites (¢.g., reefs) to actively forage and feed in the 
seagrass beds (Davis 1967; Hobson 1973; McFarland ct al. 1979, Helfman ect al. 1982). 
These fishes feed on a varicty of motile invertebrates, and on cach other (Randall 1967) 
Most notuble are certain of the grunts (Haenulon spp.), snappers (Luyanus spp.), and 
cardinalfish (Apogon spp.). At the same time, many of the diurnally dominant fishes 
become imactive at night, secking shelter at the bases of the scagrass blades or in the 
underlying sediments (Lobel and Ogden 1981). 


The forces and processes that determine the structure of scagrass fish assemblages at 
any given site are poorly understood, despite the extensive litcrature on seagrass fish 
ecology. In general, seagrass habitat is believed t© erm ince fish abundance and diversity 
in much the same maaner as coral reefs, but at a hus dramatic scale; by providing food 
and shelter (Moyle and Cech 1988). However, factors determining the composition of 
the fish assembiages appear varicd and complex, including such parameters as scagrass 
biomass and blade density (Stoner 1983), nature of microhabitats within the scagrass bed 
(Weinstein and Heck 1979), water movement (Adams 1976), and other physical/chemuical 
parameters. Sogard ct al. (1987, p. 25) suggested that, “species composition at different 
sites is proposed to be a result of complex inicractions between the deterministic 
influence of habitat quality and the stochastic influence of larval availability.” Pollard 
(1984) has summarized available literature over “road geographic range in a comprehen. 
sive review of scagrass fish community coology. 
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Most studics of scagrass fish communitics of the South Florida region have been 
conducted in waters of the Gulf of Mexico/Plorida Bay (north) side of the Florida Keys. 
Surprisingly few quantitative studics have focused on scagrass fish communitics occurring 
off the seaward (south) shores of the Florida Keys. Springer and McErican (1962) 
investigated fish assemblages of shallow scagrass (Thalassia testudinum and Halodule 
wrightn) beds off Lower Matecumbe Key. Their analvsis of scasonal variation revealed 
an increase in both numbers of species and individuals during summer and fall. They 
also found that a surprisingly large number (about one-third) of the 62 species recorded 
were present only as juveniles. Thus, they emphasized the role of this habitat as a 
nursery arca. 


Alevizon and Gorham (1989) conducted an extensive visual survey of fishes inhabit- 
ing the so-called “sand plain” areas of the Looe Key National Marine Sanctuary located 
off Big Pine Key. This arca consists of a calcareous sand substratum supporting patches 
of seagrass of variable density. Although a total of 56 specics were observed over the 
24-month course of the study, they found that the diurnal fish community was largely 
dominated by only four labrid species. Most fishes were observed in association with 
seagrass arcas rather than with sand patches. Adi: nally, they noted strong scasonal 
variation in population densitics of both adult and ;.-venile fishes. This finding 
contrasts with that of Weinstcin and Heck (1979) who jound that for °anamanian 
scagrass fish communitics, seasonal differences in species composition and abundance 
within particular sites were negligibie. 


Mangroves. Mangroves are a conspicuous component of the entire South Flonda 
region, comprising an estimated areca of around 200,000 ha of coastal and estuarine 
habitat (Odum et al. 1982). It is primarily the red mangrove Rhizophora mangle that 
forms fringing forests along the outer perimeter of protected shorelines and islands (sce 
Chapter 4). These have a prop root sysiem providing a distinctive habitat for fishes 
(Thayer et al. 1987). Although mangroves for the seaward shoreline of the Florida Keys 
undoubtedly constitute an important habitat for inshore fishes, there are no published 
descriptions of these fish assemblages. The only qualitative studies of fish assemblages 
intimately associated with the mangrove prop root habitat are from the estuarine waters 
of the Everglades (Thaver et al. 1987). These studies are discussed later in this chapter 
in the section dealing with that environment. 


Sand Flats. A large portion of the inshore marine environment of South Florida is 
composed of expanses of calcareous sand. These appear to be relatively barren areas for 
fishes, offering little in the way of shelter or food. Because of these qualities, sand flats 
have received almost no attention from ichthyologists. Nonetheless, there are fishes that 
are residents of these arcas (Table 7.1). Personal observations suggest that these are 
generally small cryptic forms as well as postlarvae and juveniles of reef- dwelling species 
which take advantage of various topographic discontinuilics and structures as shelters. 
Shells, coral rubble, and the like, often have a tiny assemblage of small fishes associated 
with them. There are also burrowing forms (¢.g., gobies, jawfish, tilefish, cels, etc.) that 
find shelter in the substrate (Bohike and Chaplin 1968). A few species (most notably 
gerreids) are frequently observed swimming freely over these sand areas. Unfortunately, 
there are no published analyses of this interesting segment of the inshore fish fauna of 
the South Florida region. 


Offshore Habitats 
The offshore waters of the Straits of Florida proper include the remaining habitats 
considered in this section. This is an unusually complex offshore marine environment. 


Devaney (1969) noted that, “Geographically and oceanographically the Straits are unique 
since a major current is impinged within a narrow funneling ciannel between the North 
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American continent on one side and the Bahamian Platform and Cuba on the other.” 
He defined three ecological zones on a bathymetric basis: the epipelagic, mesopclagic, 
and bathypelagic. However, in reference to these zones, he pointed out that cach must 
be environmentally defined at different areas of the Straits, because the atypical hydro- 
graphy and unusual topography of the region makes traditional bathymetric definitions 
of these zones inapplicable. Devaney (1969) concentrated on the Myctophidae (lantern- 
fishes). While these typically dominate deepwater fish faunas, they are not the only 
fishes inhabiting these arcas. Unfortunately, little additional information is available. 


The epipelagic waters of the Straits of Florida offshore the Florida Keys are of 
particular interest because (1) they support a large sport fishery, and (2) they are the 
“highway” travelled by many planktonic larval fishes that eventually settle and recruit to 
the reefs and other inshore areas of South Florida (sce Chapter 6). The sport fishery 
aspects of these waters are discussed later in this chapter by Bannerot. Major families 
inhabiting this zone are Caranzidae (jacks), Coryphaenidae (dolphins), Exococtidae 
(halfbeaks and flyingfishes), Istiophoridae (billfishes), and Scombridae (mackerels). Such 
fast swimming, active surface fishes are particularly sensitive to changes in water quality, 
especially turbidity and dissolved oxygen. Oxygen is critical to their high metabolic 
demands as a result of clevaicd swimming rates. Thus, they are far less tolerant than 
most fishes of lowered oxygen concentrations, increased carbon dioxide levels, sediments, 
or other substances that might chemically or mechanically interfere with gas transport 
across their sensitive gill membranes (Marshall 1966, Lagier et al. 1977). Additionally, 
because these species are primarily visual predators, good water clarity ts essential 
(Moyle and Cech 1988). 


Regarding ichthyoplankton, there is a growing body of literature suggesting that at 
least some, if not many, reef fishes may be limited in abundance, chiefly through the 
supply of available larval recruits (Williams 1980, Yoshioka 1982; Doherty 1983, Victor 
1983, Wellington and Victor 1985). In this context, it is worth noting that Lobel (1989) 
summarized evidence suggesting that some reef fishes apparently time s ing to 
maximize return of larvae via currents. In the waters of the Straits of Florida, a 
persistent current structure “provides a mechanism for the retention of lobster and fish 
larvae produced locally in the coastal and nearshore waters of the Lower and Middle 
Florida Keys, and also a preferred region for onshore transport of larvac from upstream 
remote source regions” (Lee 1988). 


These studies all suggest that there is a close link between larval transport in these 
offshore waters and the fish community structure of inshore reef arcas. Larval fishes in 
general are very sensitive to water quality, as evidenced by the difficulties of attempting 
to raise them under controlled conditions. Thus, the stability of reef fish communitics 
of South Florida appears to be dependent to some degree upon the continued high 
water quality characteristic of the epipcelagic zone of the Straits of Florida. Also, 
Dooley (1972) sampled the ichthyofauna associated with floating Sargassum in the 
Florida Current, and found $4 species. He concluded that rafting in Sargassum played a 
major role in the life nwsiory of many fishes that inhabit inshore benthic arcas as adults, 
by providing food and shelter in the open occan waters. 


The deep, benthic fish assemblages of the Straits of Florida have been investigated 
by using an extensive serics of bottom trawls. Steiger (1970) analyzed and summarized 
the results of this sampling program which revealed a surprising diversity of fishes, 
including 189 species, represe;\ting some 58 families. These figures represent the fauna 
of the Straits 2s a whole, and not all of these are included in that portion of the Straits 
encompassed by this document. According to Stciger’s division, the geographic units 
most applicable in the context of this paper are most of the central and a portion of the 
southern Straits. He also discussed the history of biological exploration of the Straits, 
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the geographic and bathymetric distributions of cach species, and analysis of assemblage 
distribution paticrns. 


Florida Bay 


Florida Bay, which includes the Everglades estuary, represents a vast (>1,500 km’) 
estuarine sysicm, receiving its freshwater drainage from the South Florida mainiand via 
natural drainage as well as human-made canals. It grades into a fully marine environ- 
ment toward the Keys to the south and toward the Southwest Florida shelf to the west. 
Benthic vegetation includes scagrasses (primarily Thalassia testudinum and Halodule 
wrightu) and algac (Penicillus spp.). 


The fish fauna of both the estuarine and marine portions of this environment differs 
substantially from the ncarby tropical marine fauna discussed in the previous sections. 
As Rosseler (1970, p. 863) pointed out, "The Everglades estuary derives its fish fauna 
from the fishes of the temperate Gulf of Mexico, rather than from the tropical insular 
fauna of the Florida Keys." In general, this statement can be extended to include most 
of Florida Bay and the castern Gulf of Mexico including the shore fishes through the 
Cape Sable arca (Carter ct al. 1973, Schmidt 1979, Sogard ct al. 1987, Thayer ct al. 
1987). 


The aquatic environment is characteristically continental in this arca, with relatively 
high turbidity, primarily silt or mud subsirates, and an absence of reefs, or recf-like 
habuats. Structurai relicf throughout most of the arca is provided only by the natural 
bottom topography, and macrofloral communities (mangroves). 


The shallow-water fish fauna of this region has been reasonably well studied, and 
predictably is dominated by characteristically continental families: Engraulidac 
(anchovies), Gerrendac (mojarras), Lutjanidac (snappers), Mugilidac (mulicts), Sciacnidac 
(drums), Sparidae (porgics), etc. (Carter ct al. 1973; Thayer et al. 1987) (Table 7.1). As 
would also be predicted for a primarily continental fauna, the species diversity ts 
suostantially lower than that of the insular fauna. 


Studies of the fishes of this region date back to the last century. Early descriptive 
studies include those of Lonnberg (1894) and Henshall (1891). Recent quantitative 
Studics begin with that of Tabb and Manning (1961) who surveyed fishes of the 
Everglades National Park. Roessler (1970) found 103 species representing 43 families in 
Buttonwood Canal (Everglades National Park). He also discussed scasonal variability in 
abundances, effects of tides on relative abundance of species in samples, and the effects 
of temperature and salinity on sample results. Hudson et ai. (1970) surveyed the fishes 
inhabiting a basin in south-central Florida Bay. 


More recent comprehensive studies on the estuarine fishes of Florida Bay include 
those of Carter et al. (1973), Lindall et al. (1973) and Harmic et al. (1974), all of whom 
used both trawl and scine collections, resulting in a more thorough sampling of the 
fishes of the region. Carter ct al. (1973) investigated a varicty of estuarine habitats in 
the Ten Thousand Islands arca. They found 134 species, dominated by the same fishes 
reported as dominants from other areas of the Southwest Florida coast (Gunter and 
Hall 1965; Roessier 1970; Wang and Rancy 1971). Many popular sportfish were found 
10 use the arca as aursery grounds, including red drum, snook, grey and lane snappers, 
sheepshead, tarpon, and spotted scatrout. 


Schmidt (1979) conducted a comprehensive, 40-month study of the fishes of Florida 
Bay, as well as examined a variety of ecological parameters associated with their 
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distribution and abundance patterns. Using scines and otter trawis at 27 stations, he 
noted almost 200,000 fishes, representing 128 species and 50 familics. He found that 
dominant species varied greatly among different subhabitats. Salinity appeared to be the 
major cavironmental factor influencing fish distribubons, and 2 distinct seasonal 
component was present regarding general distribution and abundance paticrns of 
individual species, as well as overall biomass and community structure. In summary, he 
also emphasized the strong faunal affinitics of the region with the temperate fish faunas 
of the northern Gulf of Mexico and the west coast of Florida. 


Thayer et al. (1987) investigated juvenile fish communities from a variety of habitats 
in the Everglades National Park. They collected over 9 species, although only 11 of 
these comprised over 90% of the individuals taken. They also conducted the most 
comprehensive investigation available to date on the fish assemblages associated with 
mangrove prop roots. In that study, 87 species representing 37 famuilics of fishes were 
taken in and around the red mangrove. Analysis of these results revealed a higher 
biomass and greater fish abundance in the mangrove than in adjacent scagrass arcas. 
They also observed a marked scasonality to fish abundance, with overall density and 
Standing crop peaking during the fall months. Additionally, most of the dominant 
species were nor the typical dominants of Florida Bay in general, indicating that this is a 
somewhat specialized habitat type. They concluded that mangroves must be considered 
a Major nursery arca for many fishes. 


Finally, Sogard et al. (1987) developed a throw-trap method to quantify fish 
assemblages inhabiting seagrass beds on Florida Bay mudbanks. The higher efficiency of 
the sampling method resulted in an overall average fish density higher than that found 
iN previous scagrass studies. Additionally, they found distinct fish communitics within 
cach of the four subhabitats studied. 


Considerable literature also cxists on the biology and ecology of some key sport 
fishes of this arca. These include the works of Yokel (1966) on the red drum Sciaenops 
ocellatas, Croker (1962) on the gray snapper Lurjanus griseus, Marshall (1966) and Fore 
and Schmidt (1973) on the snook Centropomus undecumaiis, and Stewart (°%1) on the 
spotted seatrout Cynoscion nebulosus. 


Southwest Florida Shelf 


The demersal fish fauna of the Southwest Florida shelf is derived from the general 
ichthyofauna of the Gulf of Mexico region, but differs in dominance and abundance 
patterns. These differences appear to stem chiefly from differences in bottom type and 
topography (Darcy and Gutherz 1984). The northern Gulf of Menco, wih a few 
notable exceptions (¢.g, Flower Garden Banks), consists primarily of mud/sand/silt 
substrate with little topographic relicf, The Southwest Florida shelf contains a fair 
amount of hardground (also called live Sottom), /onsisting of the croded limestone hase 
of the former reef platform. The additional rclief provided by this bottom type radically 
alters the characteristics of the resident fish communitics as compared with flat. open 
arcas, hardgrouncs tend to be dominaicd by typical reef-dwelling species (cg, lutyanids, 
hacmulids, holocentrids, etc. ). 


The most complete survey of demersal fishes of the region is that of Darcy and 
Gutherz (1984), who used trawls to sample depths ranging from 9 to 193 m. They 
fyand abundance of fishes in the Southwest Florida sheif arca to be generally lower 
than those of more northerly arcas sampled west of Tampa Bay. ‘hey also found the 
highest catch rates were obtained at depths ranging from 20 to 39 m, wih a fOROUNES 
decline below 8) m. Thirteen families were found in inshore waters (<0 m), with 
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hacmulids and sparids dominating. Offshore, 15 famuilics were represenicd, with 
Mytiohatidac (cagle rays) and Bothidae (icficve founders) dominating. 


The only other schthvological survey of ths arca worth noting was that of Juhi 
(1966). Although the results of that survey and the work of Darcy and Gutherz (1984) 
are iM general agreement on specics Composition, there were notable differences im the 
results of the two udics in a quantitative sense. These differences are almost certainly 
aitributablc mainly to differences in methodology (Lc.. gear types) (Darcy and Gutherz 
1984). Dominant famuilics of this environment are listed in Table 7.1. 


Conclusions 


The fish fauna of South Florida is rich and diverse, consisting of a mixture of 
temperate continental and tropicz! insular fishes. The tropical insular componcat occurs 
seaward (south) of the Florida Kevs through the Straits of Florida. This arca contains a 
number of distinctive Dut highly interactive fish asscmblages associated with major 
habitat types, including coral recis, scagrass bods. mangroves, sand flats, and the pelagic 
habitats of the Straits proper 


The waters to the north of the Florida Keys include those of Plonda Bay, an 
extensive estuarine system bordering the Everglades, as well as the Southwest Plonda 
shelf, The fish fauna of this arca is continental, derived from the temperate fauna of 
the northern Gulf of Mexico and closely allicd with that of the West Florida coast 
These waters also contain a varicty of habitat types, including benthic macroflora 
(scagrasses and macroalgac), mangroves, hardgrounds, and mud/sill substrates. 


While the overall composition of the fauna, its habitat distribution, and aspects of 
the thology of many key species arc well known, there remain many gaps in our 
understanding of the fishes of this region. Notable exceptions include Bohnsack’s (1982) 
experimental work on the effects of predator removal on reef fish community structure, 
and the study by Sogard ct al. (1987) of biotic and physical factors affecting community 
structure of scagrass fishes. Nonctheless, most rescarch on multi-species asscm>lages 
has consisted of simple bascline resource inventones. Perhaps most striking & the lack 
of studics aimed at understanding the dynam processes that structure and maimtain 
these assemblages. Investigations of thes nature would ncoessarily entail multi. 
disciplinary, long-term (10 tw 20 year) studics--not only of the fishes of a particular 
hatutat, but of the entire food wets and nutricat cycles of which they are a part. Also 
badly needed are situdics aimed at understanding the intcraction of resident fish 
assemblages among various habitats. We know almost nothing regarding the transtict of 
materials and energy between these so-called communities. Other facets of community 
function, such as the compicx processes involved in larval recrunment, are also vital 


Such stwdics are the logical next step in understanding fish communitics of South 
Florida. Descriptive studies sili have * proper and valuable place im ichthyological 
research. Nonctheless, they nced to be accompanied to a greater degroe than has 
occurred in the past by experimen J) studics aimed at understanding the undcriving 
processes determining the observed ‘stribution and abundance paticras of fishes of this 
region. 
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FISHERIES BIOLOGY 
Scott P. Bannerot 


Introduction 


The study area encompasses a wide variety of subtropical and tropical fish 
assemblages, as described above. Estuarine communities prevail in the relatively turbid, 
nearshore watcrs of the Ten Thousand Islands, Cape Sable, and northern Florida Bay, 
closely juxtaposed to more tropical assemblages in the mangrove shorelines and scagrass 
beds of southern Florida Bay and the Florida Keys. Fish communities offshore become 
less continental, featuring highly diverse assemblages more comparable to the insular 
fauna typical of tropical oceanic islands. The offshore area is largely inhabited by 
tropical pelagic species with broad, often circumtropical distributions. Schooling coastal 
pelagic species occur seasonally as they migrate along the continental shelf. Several 
important invertebrate resources inhcbit nearshore and offshore benthic communities. 
The result is perhaps one of the more diverse suites of fishery resources to be found in 
any area of similar dimensions in the world. 


The purpose of this section is to describe these resources from the perspective of 
fisheries biology, including (1) the species exploited; (2) the nature of exploitation, and 
(3) the interaction of biological characteristics of the exploited resources with human 
utilization. The goal is to describe the current state of our understanding and to 
identify the information necessary to enhance it. Within this framework, five resource 
categories will be discussed: (1) inshore fishes; (2) reef fishes; (3) coastal pelagic fishes; 
(4) pelagic fishes; (5) invertebrates. 


Much is known about some species from each of these five categories. One 
category of literature describes systematics. Others document highly specific aspects of, 
for example, distribution, physiology, food habits, reproduction, tag returns of small 
numbers of individuals, or behavioral observations. Much of this work, while important 
from other perspectives, has little relevance to stock assessment--that part of fisheries 
biology that investigates the biological status of exploited resources, which is most 
critical 10 management. Even a cursory description of this literature would exceed the 
dimensions of this chapter, as would even brief mention of much of the groundwork for 
stock assessment--studies on age and growth, mortality, fecundity, stock definition, and 
recruitment. Therefore, in the following sections, most of the references cited will be 
broad-based works with a direct bearing on stock assessment. 


This section does not include aity fishery statistics (landings and value). See 
Chapter 11 for that information. 


Fishery Categories 
Inshove Fishes 


Inshore fishes are species commonly explsited in the relatively shallow areas (usually 
<10 m depth) of the eastern Gulf of Mexico, Florida Bay, and nearshore [usually 
<5.6 kin (3 ami) from the nearest shoreline] waters of the Florida Keys. Often these 
are members of the carlier described estuarine, mangrove, or seagrass bed fish com- 
munities for at least pari of the year. Most are predators near the top of the food web. 


Table 7.2 lists the major recreationally or commercially important species. These 
fish are either target species of directed effort or frequent components of incidental 
catch. Although the table includes 39 species belonging to 16 different famisies, it is by 
no means an exhaustive listing of inshore fish species caught in the region. 
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Table 7.2. Fish species important to recreational (R) and/or commercial (C) fisheries 
in the inshore waters of the study area. 


Fishery 

Scientific Name Common Name R c 
Albulidae bonefishes 

Albula vulpes bonefish x 
Ariidee sea catfishes 

Anus felis hardhead catfish x 

Bagre marinus gafftopsail catfish x 
Carangidae jacks and pompance 

Carenx bartholomaei ellow jack x 

C. crysos runner x 

Trachtrotus Florde pom <x 

T carolinus Florida pompano 7 x 

T. faikcatus permit x 
Carcharhinidae requiem sharks 

Carcharhinus brevipinna spinner x 

e lmbatus black shark x 

; x 

Galeocerdo cuvieri a Be x 

Negaprion lemon shark x 
Centropomidse snooks 

Centropomus undecimalis Snook 1 
Elopidae tarpons 

Eiops saurus ladyfish x 

Megalops atianticus tarpon x 
Haemulidae grunts 

Haemuion auroiineatum tomtate : 

H. plumieri white grunt x 

H. seciurus bluestriped x 

Lutjanus anaiis sullen snapper x 

L. apodus schooimaster * 

L. griseus ie’ snapper x x 

i. synagris snepper x 
Muglilidse mutiets 

Mugil cephalus striped mullet x 

M white mullet x 

M. gai anus redeye mullet . 

MM. tri fantail muilet x 


Cynoscion nebulosus seatrout x x 
cromis black drum x 
Sciaenops oceliatus red drum x 
Scombridae mackereis 
Scomberomorus maculatus Spanish mackerel x x 
Serranidae “ groupers 
E itajara x x 
. Monio red grouper x x 
Mycteroperca microlepis gag x x 
Sparidae porgies 
Archosargus probatocephalus sheepshead ' 
Sphyraenidee barracudas 
Sphyraena barracuda great barracuda x 


: 
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The inshore fishes of South Florida and the Florida Keys were exploited by the 
Calusa Indians for nearly two thousand years prior to the 20th century (Brookfield and 
Griswold 1949). Commercial and recreational fisheries were well established by the 
1920s (Schroeder 1924; Endicott 1925; Munroe and Gilpin 1930). Target species have 
changed little, although recent (1985) elimination of commercial fishing in Everglades 
National Park has significantly reduced mortality rates of some traditionally caught 


species (Tilmant 1989). 


Inshore commercial fisheries have concentrated primarily on catching mullet (mostly 
Striped and white), Florida pompano, and Spanish mackerel with gill and trammel nets. 
Some gill netting of gray snappers occurs in the Middle and Lower Keys. Gray 
snappers, crevalle jack, spotted seatrout, and sheepshead are among the marketable 
incidental catch of the n~t fisheries (Tilmant 1989). Snook and red drum have been 
closed to commercial fisi.ng in Florida (Florida Marine Fisheries Commission [FMFC] 
1989). These and other conservation measures (closed areas and seasons, bag limits, 
size limits, gear limitations--sce FMFC 1989), in recognition of the unique recreational 
value of those resources, has largely curtailed inshore commercial effort in the region. 


Recreational hook-and-line fisheries are now responsible for the majority of fishing 
mortality experienced by inshore fish populations, although the previously mentioned 
regulations have also reduced and controlled this mode of fishing effort. The inshore 
recreational fishery consists of two main components, professionally guided trips and 
trips by private boats, with fishing from shore, piers, and bridges comprising most of the 
remaining effort (Rockland 1988). Spearfishing is prohibited in State waters from Long 
Key northward along the Keys, and is not feasible due to turbidity and lack of legal prey 
through the Ten Thousand Islands and much of northern Florida Bay. 


Bonefish, tarpon, and permit are primary targets of professionally guided trips. 
Bonefish and permit are available year round, while greatest abundances of tarpon in 
the area occur between April and July. These are essentially non-kill fisheries, except 
for occasional retention of trophy-sized individuals for mounting or tournament 
weigh-ins. The recent State requirement of a $50 license to kill a tarpon has sharply 
reduced the previously low fishing mortality for this species (W. Fox, pers. comm. 1989, 
FMFC). Most remaining guide cffort is directed mainly at snook, spotted seatrout, and 
red drum, mostly during winter and carly spring. Guides fish opportunistically for 
various sharks, groupers, Spanish mackerel, cobia, barracuda, and snappers, particularly 


gray snappers. 


Private boats and shore fishermen target most of the same species as the guides. 
The emphasis, however, is on more easily captured, edible fish. Tilmant (1989) 
described the private recreational fishery operating in Everglades National Park, stating 
that the most popular target species were spotted scatrout and red drum. Snappers and 
grunts are popular targets of boat and shore fishermen further south in the less 
estuarine areas of the Florida Keys. A proportion of private effort is more specialized, 
with equipment and target species nearly identical to professional guides. 


Recent studies have described the biological status of some of the more heavily 
exploited’ species in Table 7.2. Perhaps the best data base and most comprehensive 
analyses «exist for red drum [U.S. Department of Commerce (USDOC) 1986; Gulf of 
Mexico Fishery Management Council (GMFMC) 1987; Goodyear 1989). The recent 
surge in the popularity of red drum as restaurant fare has stimulated the rapid growth 
of commercial net fishing throughout the Gulf of Mexico, causing concern that reduced 
numbers of spawning stock and increased fishing for juveniles may be depressing 
recruitmeri besow adequate levels. Tilmant et al. (1989) suggested declines in the 
fishable — in the Florida Bay area. Stringent regional management by both 
State and Federal agencies was recommended and has been adopted in the past two 
years (FMFC 1989; Goodyear 1989). 
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Unlike red drum, spotted seatrout spend their entire life within the estuarine system 
of South Florida, with possible separable populations in Florida Bay and adjacent 
eastern Gulf of Mexico nearshore areas (Rutherford et al. 1989a). Numbers of adults 
are believed to have fluctuated over the past 15 years, which is typical of other estuarine 
fishery resources, but are currently stable at a sustainable level. Rutherford et al. 
(1989b) also did work on aspects of the population dynamics of gray snapper, but the 
results have less implications for the study area due to their wider distribution and a 
tendency to migrate offshore to spawn. 


Similar regional work on mullct, an important food source for various recreational 
target species in South Florida, has been recently completed on movements (Funicelli ct 
al. 1989) and biomass (Scott et al. 1989). A comprehensive assessment nearing 
completion by Florida Department of Natural Resources personnel encompasses more ot 
the migratory range and will provide insight into the biological status of the stock 
(W. Fox, pers. comm. 1989). 


Relatively little is known about the population dynamics and current biological 
Status of other popular inshore target species such as tarpon, bonefish, permit, and 
snook. In the absence of other sources of exogenous mortality, however, there is less 
pressure ON government agencies to investigate the first three because of the non-kill 
nature of the fishery, and in the case of snook, because of present stringent regulations 
protecting the stock. 


Reef Fishes 


Reef fishes are species usually exploited in the vicinity of either well-developed coral 
reefs; subtropical hard bottom, which consists of lower-relief, rocky ledges with minor 
scleractinian coral growth, sponges, and octocorals; or natural or artificial bottom 
structures. Reef fisheries usually occur in depths <46 m within the study area, with 
some exploitation of deeper-dwelling species to 200 m depth. Much of the activity 
occurs more than 5.6 km (3 nmi) from shore, often along the offshore edge of the 
Florida Reef Tract. Considerable effort is expended in the vicinity of wrecks, obstruc- 
tions, and rocky projections offshore (referred to as humps), and other irregular bottom 
topography. Some fishing is done near shallow patch reefs (6 m depth or less) inshore 
of the edge of the Reef Tract. 


The fish communities associated with coral reefs and offshore benthic habitats, 
described earlier in this chapter, encompass many of the species included in this 
subsection. Table 7.3 lists reef fish species important to recreational and/or commercial 
fisheries off South Florida. The list includes 68 species belonging to 13 families, 
reflecting the high species richness and diversity typical of tropical and subtropical 
biological communities. Over half of the species listed are benthic, es 
Snappers, grou grunts, and porgies. Others reside in reef areas more temporarily. 
All are eapeused tnegaty by noabedb-iee, except the halfbeaks and flyingfishes, which 
are caught with encircling nets for the bait industry. 


Other than early artisanal efforts, the first known significant reef fish fishery within 
the study area was initiated by fishermen who came from New England. They fished 
commercially for snappers and groupers off Key West in the 1830s (Klima 1976). 
Commercial effort has persisted from that time, using hand lines, and more recently 
electric and hydraulic reels, bottom longlines, divers with spears and powerheads, and 
fish traps. Recreational effort, however, judging from early accounts of fishing in South 
Florida, seems to have developed relatively later for reef fishes than for some other 
nearshore fisheries. 
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Table 7.3. Reef fish species important to recreational (R) and/or commercial (C) 
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Today, recreational fishing has a grcater impact on the South Florida cconomy than 
docs commercial fishing (Rockland 1988). This trend is particularly apparent in the 
case of the reef fishery. The recreational sector of the fishery is comprised primarily of 
charter boats (usually between 5.5 and 22 m Iength), headboats (usually between 18 to 
37 m length), and private boats of virtually all descripiions. Fishing power per unit 
effort has increased considerably in recent years with the advent of inexpensive LORAN 
units and electronic depth recorders, making precise location and identification of 
bottom structures possible for the rclaively inexperienced fisherman. Wrecks in the 
castern Gulf of Mexico fished previously by a small number of guides from Marathon 
and Key West may now become crowded with private boats (J. Wells, pers. comm. 1989, 
fishing guide, Marathon, Florida). Similarly. many reef arcas and wrecks off the Upper 
Kevs known only to small numbers of mostly professional guides six to cight vears ago 
are now often covered by privaic boats on any given day. Due to the habitat-dependcnt 
nature of many important reef species, the inevitable result has been increased pressure 
on the resource. 


The bioiogical siatus of most populations of exploited reef fishes is poorly known 
due t0 2 particularly acute lack of appropriate empirical data. Further, conclusions 
from application of standard analytical techniques may be complicated by a protogynous 
hermaphroditic reproductive strategy in the case of groupers and hogfish, where 
individuals begin life as females and isicr transform into males (Bannerot et al. 1987). 
The multispecies nature of ihe reef fishery poses considerable complications to both 
procurement of data and asscssment modc! application. 


The first comprehensive assessment of reef species that included the study area was 
by the South Atlantic Fishery Management Council (SAFMC) (1983). A number of age 
and growth studies had been compicted for various snappers, groupers, grunts, and 
porgies, along with scattered cstimates of natural and fishing mortality. This allowed 
size limit analysis using a standard model, which eventually resulted in Federal minimum 
sizes for some species (sce Huntsman and Waters 1987). The establishment of the 
FMFC shortly thereafter resulted in the imposition of somewhat more stringent size 
limits (particularly for groupers) in State waters, as well as bag limits (FMFC 1989). 
The GMFMC has now performed some analyses similar to those of SAFMC (1983) and 
is in the process of updating reef fish regulations. 


A poorly documented, but economically significant industry in the Florida Keys is 
based on the capture and sale of inshore and reef fishes and invertebrates for aquaria, 
as well as the capture and preservation of various shelled molluscs for sale in gift shops. 


Coastal Pelagic Fishes 


Five coastal pelagic fish species are taken by recreational and commercial fisheries 
in the study area: cobia, three mackerels, and a small tuna (Table 7.4). These are 
schooling, migratory fishes available seasonally. Most are caught within 9.3 km (5 nmi) 
of shore in the study area except in the Gulf of Mexico west of the Middle Keys and 
northwest of Key West and the Lower Keys. 
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Table 7.4. Coastal pelagic fish species important to recreational (R) and/or 
commercial (C) fisheries in the study area. 


: Fishery 
Scientific Name Common Name R Cc 

Rachycentridae cobla 

Rachycentron canadum cobia x x 
Scombridae +7 —~;ielaaees 

Euthynnus alietteratus a 

Scomberomorus cavaila + x x 

S. maculatus Spanish mackere! x x 

S. regeiis cero mackerel x x 


The development of the commercial coastal pelagic fisheries is summarized in Gulf 
of Mexico and South Atlantic Fishery Management Councils (GMSAFMC) (1985). 
King and Spanish mackerel are traditional targets of major commercial fisheries in 
South Florida. A significant king mackerel fishery existed by the carly 1900s. Large- 
scale exploitation of Spanish mackerel was occurring by the 1920s. The two main gear 
types for both were hook-and-line and gilinets. During the 1960s, fishing power per 
unit cffort increased considerably due to larger vessels, power reels for hook-and-line, 
power rollers for hauling gill nets, and use of electronic fish finders and spotter planes. 
Cobia, cero mackercl, and little tunny have traditionally been caught incidentally by 
commercial fishermen. Considerable commercial hook-and-line effort has occurred in 
recent years, however, for cobia. 


The recreational fishery for coastal pelagics in South Florida has followed a similar 
course to that for reef fishes. While small numbers of sportsmen have exploited the 
resource since at least the early 1900s, major development has occurred after com- 
mercial fisheries were established. This was because small vessels became available to 
an increasingly large body of private recreationists through the 1950s and 1960s, 
culminating in the fiberglass, “open fisherman" scen most commonly today: between 5 
and 12 m length, and equipped with outriggers, electronics, and multiple rod holders. 
The same charter boats and headboats described for reef fisheries also target coastal 
pelagic fishes seasonally. Recreational fishermen use hook-and-line almost exclusively 
for coastal pelagics. 


The biological status of king mackerel is perhaps the best known of the five specics 
in this subsection. Some information relevant to stock assessment of Spanish mackerel 
is available. Both species are believed to be in relatively advanced states of overfishing 
(GMSAFMC 1985). Little salient information is available for cobia, and almost nothing 
is known of the biological status of cero mackerel or little tunny. 


King mackerel were divided into two separate management groups based on length 
frequency information, results of tagging, an index of catch per unit effort, and historical 
landings; these are termed the Gulf of Mexico and Atlantic migratory groups (Powers 
and Eldridge 1983a.b). The Gulf group is thought to be in a more advanced state of 
overfishing than the Atlantic group (Powers and Eldridge 1983b, GMSAFMC 1985). 
This group is present in the study area during the winter months (November-March), 
while the Atlantic group is thought to contribute most of the catch from the area 
during the summer (April-October). Acceptable Biological Catch is determined annually 
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based on landings data for cach group separately, from which managers select a Total 
Allowable Catch, which is then allocated between the commercial and recreational user 
groups. The fisheries are closed at the time the respective allocations are estimated to 
have been caught. During the open season, gill net mesh sizes are in effect for 
commercial fishermen and bag limits are enforced for recreational fishermen. 


Spanish mackerel are managed according to a similar strategy. Genetic differences 
between individuals from the Gulf of Mexico and Atlantic individuals were deemed 
sufficient to manage the two groups separately (GMSAFMC 1985). Within the study 
area, the Gulf group contributes virtually all of the catch year round. In addition to 
quotas and bag limits, a minimum size is in effect for Spanish mackerel. State regula- 
tions are similar to Federal regulations for both king and Spanish mackerel, except that 
the State has deferred from king mackerel season closures the past two years (FMFC 
1989). 


Cobia are caught in the vicinity of wrecks in the eastern Gulf of Mexico within the 
Study area and as they migrate in schools along the shallows of the Florida Reef Tract 
during the spring months. Their stock structure is poorly known, although some 
information suggests separate Atlantic and Gulf groups. At present, both a minimum 
size and a daily bag limit are in effect. 


Pelagic Fishes 


This subsection includes fishes commonly ~xploited in the open waters of the Straits 
of Florida offshore of the Reef Tract. Table 7.5 lists the important species for the study 
area. Most are migratory and thercfore more abundant at particular times of the year. 
Nineteen species from six families are listed. All are billfish, dolphin, swordfish, sharks, 
or members of the tuna family. 


SAFMC (1985, 1988) summarized aspects of the history of exploitation. Within the 
Study area, the traditional offshore target species were billfish and dolphin, and, to some 
extent, sharks. With the exception of short-lived commercial shark fisheries in the 
Lower Keys in the early part of this century, the majority of effort until recently has 
been recreational. Recreational offshore fishing in the study area was the pursuit of a 
small number of wealthy anglers between 1900 and World War Il, many of whom were 
attracted by Ernest Hemingway's written accounts of adventures in the Bahamas and 
Keys. Participation increased with the previously described combination of growing 
numbers of recreationists and the manufacture of small boats suitable for ocean fishing. 


Marlin, because of their relatively low numbers in the area, are a fairly rare catch in 
the Florida Keys. They are targeted primarily in the summer months by charter boats 
or private offshore fishing yachts after sufficient catches of other species, especially 
dolphin, are made. Most smaller private boats target more abundant, more casily 
Caught species such as dolphin, and, to a lesser extent, blackfin tuna, skipjack tuna, little 
tunny, and wahoo. Sailfish and larger blackfin tuna are available in winter and carly 
spring months in sufficiently large numbers to allow directed charter and private fishing 
yacht effort and a growing amount of effort from the smaller offshore private boats. 
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Table 7.5. Pelagic fish species important to recreational (R) and/or commercial (C) 
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of foreign and domestic tuna and swordfish longline operations. Recently, in a jount 
plan. the regional Fishery Management Councils have made possession of billfish illegal 
lor longliners. the sale of billfish iicgal for anyone, and imposed minimum sizes for 
recreational anglers except in the case of longbill spearfish (SAFMC 1988). The State 
has imposed a limit of one billfish per person per boat tip for recreational aagicrs 
(FMFC 1989). 


The status of swordfish stocks has been the best studied of the species in this 
subsection. These cfforts are summarized in SAFMC (1985) and most recently updaicd 
by USDOC (1989a). The population is thought to be severely overfished at present. 
The Fishery Management Councils have decided wo undertake strong regulatory action 
to rebuild the stock (USDOC 1989b). 


Tunas in the U.S. Exclusive Economic Zone are currently managed under the 
Magnuson Act. There are no State regulations governing tuna, although there ts some 
support developing to change this situation (Russell 1989). The larger species present, 
yellowfin and Diucfin, are not caught in significant numbers in the study area. An 
intensive longline fishery for vellowfin tuna operates in other areas of the Gulf of 
Mexico (Wilson 1988). Also, bluctin tuna spawn in contiguous waters of the Gull of 
Mexico, and their larvae have been recorded in the vicinity of the study arca (Richards 
ct al. 1981; McGowan and Richards 1986). The blucfin population ts thought to be in 
an extreme state of overfishing (sce Russell 1989). Virtually nothing ts known, however, 
about the population status of the smalicr blackfin tuna, skipjack tuna, and lithe tunny 
commonly caught off the Florida Keys. The same is true of dolphin, the most common 
target of summer offshore recreational fishing im the Keys, wahoo, and requicm sharks, 
the most frequently landed offshore sharks. 


invertebrates 


Table 7.6 lists invertebrate specics important to fishcrics in the study arca. Spiny 
lobster, pink shrimp, and stone crab are subjected to intensive commercial cifort. All 
three are also sought by recreationists, particularly spiny lobster. Blue crab and spoticd 
Jobsters are taken opportunistically in significant numbers by both commercial and 
recreational fishermen. Smooth-tailed, Spanish, and slipper lobsters are caught less 
frequently. Not lisied in the tabie is qucen conch (Sirombus gigas), which previously 
was important to acarshore fisherics in the arca. Because of severe depletion of local 
populations duc to overfishing, a moratorium is in effect on all fishing for queen conch. 


Table 7.6. Crustacean invertebrates important to recreational (R) and/or commercial 
(C) fishenes in the study area. 


Fishery 
Scientific Name Common Name i Cc 
spiny lobstere 
Bonuines agus lobster - . 
P smooth tasied lobster x 
_  ~_ -~ a x x 
Tas casita: blue crab x x 
ener Span ona 
aequinochalis lobster x 
lobster x 
Xanthidee benthic crabs 
Memppe mercenana stone crab x x 


255 


Fishenes Biology 


Four imverichratc species are decussed below: spiny lobsicr, pink shrimp, stone crab. 
and gucen conch. 


Spiny Lobster. During the day, adult spiny lobsicrs reside primarily under ledecs, in 
holes and crevices im coral recfs. and in other natural and aruficial bottom siructurcs 
icaturing simular cnclusures. Within the study arca, reproductively active adults occur 
mostiv on the Recf Tract to the south and cast of the Flonda Keys, and in the deeper 
channacts and waicrs of Florida Bay and the Gulf of Mexico west of the Keys. Daytime 
congregations disperse uver adjacent scagrass, algal, and sand flats w feed ai night 
(Herrnkind ct al. 1975). Spawning takes place at these offshore locations (Menzics and 
Kerngan 1980), with pcak activity in spring and carly summer. Female lobsicrs retain 
larvae for one to two weeks belore reicasing them to currents that transport them to 
the epipelagic zone of the open occan. The phyllosome transits 10 to 12 stages over an 
csiimated 6 to 12 months in this cavironment before metamorphosis to the pucrulus 
stage, which then takes up a benthic existence in shallow, ncarshore waters (Herrnkind 
and Butler 1986). Marx and Herrnkind (1986) give a detailed account of the habitat 
requirements of this and subsequent juvenile stages. At 17 to 20 mm carapace length, 
juvenmiecs abandon algal clumps for den-like habitats. Larger juveniics begin movement 
tw the offshore areas favored bw adults (Lyons ct al. 1981). 


GMSAFMC (1982, 1989) reviewed the history of the spiny lobster fishery in South 
Florida. Significant landings have been recorded from the carliest catch statistics 
available for the area. Most were cither consumed locally or used for bait in the carly 
1900s (Schroeder 1924), with subsequent increases in commercial effort commensurate 
to advances in freezer facilities and refrigerated distribution systems through the 1960s. 


Traps remain the commercial . A small percentage of the commercial catch 
and much of the recreational catch comes from divers tickler sticks, hand nets, 
and their hands. peaked in the 1970s, but were inflated by American com- 


American lobster ficet in 1975, landings declined initially and have remained relatively 
Stable since. 


The stability of the spiny lobster fishery was not expected by most scientists duc to 
the high degree of overcapitalization, particularly in the past 15 years, and geographic 


recognition of its value to the resource. Some changes in the boundarics have occurred 
as 
of natural refugia to trawl gear high fecundity and extended spawning, and rapid growin 
rates are thought to contribute to the apparent resiliency of shrimp to exploitation. 
Nichols (1986) updated stock assessment analyses, concluding that some increase in vicid 
could be realized if the current target minimum size (103 mm total length) were 
achieved. The mak concern for mainicnance of the fishery is preservation of the 
estuarine cnvironments critical as nursery areas for juveniles and subadults. 


Stone Crab. Adult sione crabs usually inhabit dens within burrows and crevices locatcd 
in channels and scag’. | ‘lats, and may at times be found on open sand bottom or 
oyster beds (Bert ct al. 1986). Although stone crab are found throughout coastal 
waters of Florida, the region of greatest abundance occurs within the study arca in the 
Gulf of Mexico west of Cape Sable (Lindberg and Marshall 1984). Copulation occurs in 
the dens, with peak spawning activity between August and October. The planktonic 
larvae require approximately one month to pass through five or six 700ecal stages, 
settling after metamorphosis to the postlarval megalops stage. Yang and Kratz (1976) 
found that these megalopae were cxtremcly sensitive to poor water quality. Juveniles 
it cxisting dead and living structures in simular arcas as the adults, but ihcy do not 
dig burrows. 


Like the spiny lobster fishery, the fishery for stone crabs is prosecuted primarily by 
traps, limited geographically to a zone largely within the study area, and regulated by a 
closed season and minimum icgal size (GMFMC 1979, Sullivan 1979, FMFC 1989), with 
the main difference being that all crabs must be returned to the water after claw 
removal. Stone crabs were recognized as a delicacy as carly as the 1800s and were 
caught and consumed locally (Rathbun 1887). In the carly 1900s, most were caught 
incidentally in lobster traps, only a few fishermen specialized in their commercial 
capture through the 1930s (GMFMC 1979). The fishery did not develop as rapidly as 
the spiny lobster fishery, and total number of traps in the fishery remains less than that 
| | hand or with 
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the biological status of the population. The 
Phares (1985) was limited by imprecise data. Ehrhard’ et al. (in press) 
addressed biological status in a limited geographical arca. The mays assessment 
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the crabs once they are returned to the water and rates of claw regeneration for 
survivors. Restrepo (1989) addressed some of these complications using a simulation 


bottom types, usually those supporting macrutigac. from depths of <1 to 30 m 
(Brownell and Sievely 1981). Copulation and spawning activity is greatcst during 
warmer months (Randall 1964). Egg masses are usually deposited on open sand. The 
veliger larvae hatch aficr approximately five days (D’Asaro 1965) and assume a iree- 


lips are found below 10 m ucpth, although these larger individuals also occur in the 
shallows. 


Queen conch are overtished throughout much of their pan-Caribbcan range, duc to 
their accessibility and case of capture. As noicd above, populations within the study 
area have been severciy depicted, leading to a moratorium on all fish‘ng for queen 


Fishery Managemest Considerations 
Data Required for Fishery Management 


Optmal utilization of an exploited fishery resource, particularly when participation 
has increased bevond intial stages, normally requircs management. Managers must be 
supplied, in the face of uncertainty, with a spectrum of opuons that encompass the 
potential problems experienced by the resource. The creation of this decision environ- 
ment ts the purview of the fishery biologist. This job ts termed stock assessment. It 


user groups. The fundamental goal ts 10 prevent depletion, deflaod here a 2 redection 


The purpose of this subsection is to describe the data required for management via brief 
discussion of the stock assessment process, followed by a summary of data currently 
being collected for exploited resources within the study area. 


The initial step of stock assessment should be the determination of the unit stock. 
This consists of the temporal and spatial demarcation of a manageable unit: ideally, an 


and miscellancous biological evidence (e.g, distinctive ..ferences 


Given sufficient information from one or more of the above sources, the collection 
of the following data for the unit stock would allow reasonably precise stock assessment: 


(1) total catch (in number of individuals)--by species, age, length, weight, arca, depth, 
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and type of gear, (2) total standardized cilort--bv species, depth, area, and gear, and 
(3) fishery-independent csumates of abundance of both adults and recruits. 


The next step of the stock assessment process ss possible with even part of this 

information. This would be a preliminary examination for symptoms which may, in 
combination, indicate fishing rates that are causing depleuon (overfishing): 
(1) significant declines in catch per unit effort, (2) a downward trend in total catch per 
annum with increasing effort, and (3) reduction im average size and age of individuals 
caught. Heavy overfishing may be indicated if yields are highly erratic. or if vital stock 
parameters change, for cxampie a rapid decrease in age of sexual maturity. 


Following preliminary cxamination, prediction of population response to future 
exogenous mortality is normally attempted by one or more of the following analytical 


techniques (depending on data available): (1) production models, which use a time serics 
of catch and effort data to predict a relationship between exploitauion and yield. 

(2) yield-per-recruit analysis, which utilizes information on age, growth, and mortality to 
determine if yicld would increase, decrease, or remain constant if fishing rate and/or size 
at first capture were changed, and (3) virtual population analysis, which estimates 
absolute number ~ ‘duals remaining in the population by age and age-specific 
fishing mortalit. «mca «0 estimate of natural mortality, catch in numbers by age for a 
number of yea = und <. umated fishing mortality rate experienced by the oldest year 
class in the po; =~. /f possible, these techniques may be augmented by computer 
simulations of the population through ume, prediction of future catch via correlation of 
recruiiment success with environmentai variables, estimated potential recrutment 
through surveys of pre-recruits, or a possible relationship between spawning stock size 
and recruitment. 


Data Available for Fishery Management 


Unfortunately, the collection of data sufficient for accurate stock assessment of a 


given fishery usually presents an overwhelming logistical problem, particularly with 
multi-species assemblages in a subtropical or tropical environment. The following 
programs currently collect iaformation pursuant to asscssment of fishery resources within 
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@ Headboat Survey (11S) - Uscs logbooks to obtain information on catch, 
effort, and various data necessary from individual fish for information on 
age, growth, and other biological information. Initiated by the Federal 
government (sce Huntsman 1976), this program continues to provide usable 
data from this sector of the recreational fishery. 


@ Oceanic Gamefish Survey (OGS) - collects catch and effort information for 
billfishes by interviewing boat captains and recreational fishermen, tourna- 
ments in particular are monitored, and biological samples from individual 
fish are taken (see Contillo 1989). OGS was initiated by the Federal 
government in 1970. 


@ Cooperative Game Fish Tagging Program (CGFTP) - promotes tagging by 
recreational and commercial fishermen of billfish, tunas, tarpon, red drum, 
king mackerel, and other species; initiated by the Federal government in 
1954 (Scott and Tashiro 1989). 


@ Florida Trip Ticket System (FTTS) - attempts to collect data on total 


commercial effort and harvest by required fish dealer reports; initiated by 
the State in 1984, FTTS data were considered to be fairly reliable by 1986. 
Bohnsack et al. (1989) provided a receni partial summary of these data. 


Despite considerable effort, the previously described information needed for stock 
assessment remains insufficient for most fisheries within the study area. Assessments are 
nearly always conducted with a paucity of necessary data, increasing the uncertainty of 
the decision environment for fishery managers. Efforts continue, however, to improve 
the data base. Also, a recent trend toward implementation of conservative management 
measures by both the State and Federal government for a number of the diverse fishery 
resources within the study arca may be instrumental in their preservation. 


Conclusions 


As discussed above, the availability of fisherics data from the study area is less than 
would be desired for accurate stock assessment. However, there is cnough information 
to provide some basis for decisions regarding offshore oil and gas operations from the 
standpoint of fishery resources. Several observations should be taken into account in 
such decisions: 


® The combination of continental and insular influcnces in the study area 
maintain an array of commercial and recreational fishery resources 
whose diversity is unparalicicd in the continental U.S. 


@ A significant proportion of the collective resource consists of finfish and 
invertebrate fauna associated with the only extensive coral reef in the 
continental U.S. 


@ Another large proportion of this suite of resources is maintained by an 
extensive esiuarine area encompassing the southern portion of the Florida 
peninsula. 


@ Offshore waters adjacent to the study ares provide a documented spawning 
area for the severely stressed blucfin tuna, and habitat for a portion of the 
overfished swordfish stock. 


@ Many of the other fishery resources exploited within ‘=< sy area, 
both migratory and resident specics, are overfished. 


Fisheries Pic! 


Thus, the finfish and invertebrate populations of interest to humans within the study 
area can be described as highly diverse, geographically limited, unique, heavily utilized, 
and, in certain respects, ccologically sensitive. Because of the existing stress of sig- 
nificant fishing mortality and the myriad of Icss-pronounced influences resulting from 
juxtaposition to a large human populaticn, additional sources of exogenous mortality 
could have a pronounced effect on the ability of the populations to sustain fishable 
levels. For example, a heavily fished finfish or invertebrate population consisting of a 
small number of year classes could be sharply reduced by failure of a single year’s 
recruitment due to mass moriality of larvae caused by a pervasive change in water 
quality at a particular time and location. An oil spill large enough to inundate large 
portions of the nearshore waters of Florida Bay could significantly affect survival of doth 
invertebrate and finfish species dependent on estuarine nursery areas (see Chapter iS 
for additional discussion of oi! spill effects). Combined with existing stress from fishing, 
the result could be a significant reduction in population size. The effects of chronic 
exposure to smaller amounts of the inevitable byproducts of oil and gas development 
activities, while probably negative, are tess certain {see Chapter 13). Conversely, it 
should be noted that existing artificisi reefs in the study area attract considerable fishing 
effort, and that offshore drilling rigs and platforms would likely become focal points of 
recreational fishing as they are in the northern Gulf of Mexico. However, the addition 
of more artificial structures may only redistribute the standing population, not increase 
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CHAPTER 8 
MARINE MAMMALS AND SEA TURTLES 


Daniel K. Odell 
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ended, 

caf phe apy sonnet day These include incidental take in 
fisheries (drift gillnets, purse seines, long-lines, shrimp trawis), destruction of coastal and 
nearshore habitats (nesting beaches, seagrass beds), competition for food, pollution, etc. 
The continued existence of many marine mammal and sea turtle populations depends on 
the rapid resolution of conflicts with human activities. New activities in the marine 
environment, as well as established activities in new places, must be carefully evaluated 
to minimize or eliminate effects on these creatures. 


MARINE MAMMALS 


Ht 


Marine mammals include the cetaceans, pinnipeds, sirenians, the sea otter, and polar 
bears. The cetaceans (Order Cetacca) arc divided into two suborders: Mysticeti (baleen 
whales), and Odontoceti (toothed whales). The pinnipeds (Order Pinnipedia) include 
the seals, sea lions, and walrus. The Order Sirenia includes manatees and dugongs, the 


Marine mammals occupy a variety of positions in the marine ecosystem. They are 
generally carnivorous (with the exception of the sirenians). They feed on a variety of 
Organisms ranging in size from copepods to other marine mammals. They range from 
strictly freshwater (some river dolphins and the Amazonian manatee) to cstuarine, to 
coastal, to deep ocean waters, and from the poles to the equator. 


Historically, information on marine mammals has come from but a few sources. 
Directed fisheries have provided vast amounts of data on some species, yet the record is 
often incomplete because the fisheries exploit the animals at times of the year when 
they are concentrated (breeding, calving, nesting season). Species not taken commer- 
cially are sometimes taken incidentally to other fisheries (e.g., dolphins in tuna purse 
seines). Scientists have used these specimens for studies on the basic biology of the 
species involved. Still other species are known only from the examination of animals 
washed up dead on the beaches. Laboratory and field studies are possible but are 
limited by logistic considerations and our ability to maintain most species in a captive 
environment. 


Species of marine mammals that are known or suspected to occur in the study area 
are listed in Table 8.1. The Endangered/Threatened status of each species, if applicable, 
is included in the table. Brief discussions of each species are presented below. For 
convenience, references pertaining to each species are listed at the end of each sub- 
section. 
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Table 8.1. Marine mammais known or suspected to occur in the study area. 


Statuses 
Figure 
Species Common Name No.* Federal State 
CETACEA 
Mysticed 
Beleendas 
Eubaleene giacialis right whale - E E 
Baleenopteridae 
Baleenoptera musculus blue whale - E E 
Beleencptere physaius fin whale 8.1 E E 
Baleenoptera borealis sei whale - E E 
Baleenoptera edeni Bryde's whale = NL NL 
Baleenoptera acutorostrata minke whale 8.1 NL NL 
Megaptera noveeangiise humpbeck whale - E E 
Odontocet! 
Physeteridee 
Physeter macrocephaius sperm whale 82 E E 
Kogia breviceps Pygmy sperm whale 82 NL NL 
Kogia simus dwart sperm whale 62 NL NL 
Delphinidae 
Feresa attenuata pygmy killer whale 83 NL NL 
Grampus griseus Risso's dolphin 68.4 NL NL 
Globicephala short-finned pilot whale 64 NL NL 
Lagenodelphis hosei Fraser's dolphin 85 NL NL 
Orcinus orca killer whale 83 NL NUL 
Peponocephala electra meion-headed whale ~ NL NL 
Pseudorca crassidens false killer whale 8.3 NL NL 
Steneiia frontalis spotted dolphin 86 NL NL 
Stenelia attenuata spotted dolphin 86 NL NL 
Stenelia clymene short-enouted spinner dolphin 8.7 NL NL 
Stenelia longirostrie long-enouted spinner dolphin 8.7 NL NL 
Stenelia coerulecaiba striped dolphin - NL NL 
Steno bredanensis rough-toothed dolphin 6.5 NL NL 
Tursiops truncatus bottlenose dolphin - NL NL 
Ziphudes 
Mesopiodon densirostris Blainville's beaked whale - NL NL 
Mesoplodon bidens Sowerby's beaked whale - NL NL 
Mesoplodon europeeus Gervaii beaked whale 8.8 NL NL 
Mesoplodon mirus True's beaked whale ~ NL NL 
Ziphius cavirostris Cuvier's beaked whale 68 NL NL 
SIRENIA 
Trichechidae 


Trichechus manatus latirostris Florida manatee 6.9 E E 


* Refers to figures in this chapter showing locations of strandings in the study area. 
+ E = Endangered; NL = not listed. 
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Schmidly (1981); Reeves and Brownell (1982); Leatherwood and Reeves 
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Fin Whale (Balaenoptera physalus) 


The fin whale. an Endangered specics, is a large baleen whale reaching a length of 
22 to 24 m in the Northern Hemisphere and a weight of 80 metric tons. 


Fin whales are distributed worldwide, summering in polar/icmperate waters and 
wintering from the ice edge into temperate and tropical waters. In the western North 
Atlantic, they winter from the ice edge south to Florida, the Greater Antilles to the 
Gulf of Mexico in offshore waters; they summer from New England to the Arctic. 


Fin whales feed on pelagic crustaceans, cephalopods, capelin, herring, cod, mackerel, 
poliack. sardines, and other schooling fish. Female fin whales appear to have a 
three-year calving cycle. In the westcrn North Atlantic, fin whales mature at 17 


to 18 m length. 


Several fin whale strandings have been recorded from 


Occurrence in the Study Area. 
the study arca (Figure 8.1), and the animals can be cxpected to pass through the Straits 
of Florida. Frequency of occurrence is unknown. The study arca is not a known 


breeding, feeding, or calving arca. 


References. Schmidly (1981); Reeves and Brownell (1982); Leatherwood and Reeves 
(1983), Gambell (1985). 


Sei Whale (Balaenoptera borealis) 


The sei whale, an Endangered specics, is distributcd in all occans but appears to 
favor temperate oceanic waters. For some time, the identity of the sci whale and 
Bryde’s whale (Balaenoptera edeni) were confused. Leatherwood and Reeves (1983) 
concluded that many sci whale sightings and strandings in the Gulf of Mexico were 
Bryde's whales. Recent stranding records support this conclusion, but there have been 
valid sei whale strandings in the Gulf of Mcxico. Most of the information on sci whaics 
comes from exploited populations. However, Mcad (1977) concluded that there may be 
a resident population in the Caribbean and Gulf of Mexico. 


Sei whales feed on a variety of copepods, euphausiids, schooling fish, and ccphalo- 
pods. They reach a length of 17 to 19 m and become sexually mature at 6 to 12 years 
of age (12 to 13 m for males; 13 to 14 m for females). The calving interval is two to 
three years. Newborns are 4.5 to 4.8 m long and 8 to 9 m at weaning. 


Occurrence in the Study Area. There are no records of sci whales in the study arca. 
Because there are valid records for the Gulf of Mexico, Caribbean, and cast coast of 
Florida, these whales may be expected to occur in the study arca from time to time. 


References. International Whaling Commission (1977), Schmidly (1981); Reeves and 
Brownell (1982); Leatherwood and Reeves (1983); Gambell (1985). 
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Figure 8.1. Approximate stranding locations in the study area for the fin whale (Balsenoptera physaius) and the Minke 
whale (Baleenoptera acutorostrata). 
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Bryde’s Whale (Balaenoptera edeni) 


The Bryde’s whale is distributed worldwide in tropical and warm-temperate waters. 
Identification of the sei and Bryde’s whales has been confused, but Bryde’s whales are 
smaller and have three characteristic ridges from blowhole to rostrum. 


Bryde’s whales feed on a variety of schooling fish, cephalopods, and large pelagic 
crustaceans. Bryde’s whales reach a length of 15.5 m, with an average length of 13 m. 
Females are slightly larger than males. Sexual maturity is at 12 m in length (10 years 
for females, 9 to 13 years for males). Gestation lasts about one year, and the calving 
interval about two years. Calves are about 3.4 m at birth. 


Occurrence in the Study Area. There probably is a resident population of Bryde's 
whales in the Gulf of Mexico. Evidence for a Gulf of Mexico population is based on 
stranding records (time of year, presence of calves) extending along the east coast of 
Florida into the Carolinas. However, there are no records of Bryde’s whales from the 
Study area. Given their distribution, they are likely to pass through the Straits of 
Florida. 


International Whaling Commission (1977); Schmidly (1981); Reeves and 
Brownell (1982); Leatherwood and Reeves (1983); Cummings (1985). 


Minke Whale (Ba/aenoptera acutorostrata) 


The minke whale is the smallest balaenopierid, rey maximum length of about 
10 m. The species is found in all oceans. Animals in the Northern Hemisphere are 
Slightly smaller than those in the Southern Hemisphere and have a distinct white band 
across the flippers. There are no population estimates for minke whales in the Gulf of 
Mexico. 


Minke whales feed on small schooling fish, euphausiids, and cope in the 
Northern Hemisphere, and primarily on euphausiids in the Southern Hemisphere. 
Calves are about 2.5 m long at birth and reach sexual maturity at seven to eight years of 
age. Unlike the other baleen whales, minke whales have an annual calving cycle. 
Calves are weaned at about six months of age. 


Occurrence in the Study Area. Minke whales have stranded in the study area and the 
western Gulf of Mexico (Figure 8.1). It is likely that they pass through the study area 
from time to time. 


References. Schmidly (1981); Reeves and Brownell (1982); Fritts et al. (1983); Leather- 
wood and Reeves (1983); Stewart and Leather .ood (1985); Odell (in press). 


Humpback Whale (Megaptera novaengliae) 


The humpback whale, an Endangered species, is the most morphologically distinct of 
the balaenopterids; its white flippers may be almost one-third of its body length. These 
whales often give spectacular aerial displays. 


Humpback whales, which feed on schooling fish and euphausiids, are distributed in 
all oceans. Like most other baleen whales, they winter in tropical waters and summer 
in higher latitudes. Humpbacks reach an adult length of 15 to 16 m, with females 

than males. Gestation lasts about 12 months, and calves are 4.5 to 5 m long at 
birth. Like right whales, humpbacks are highly migratory and are often seen in shallow, 
coasial waters. In the western North Atlantic, humpbacks summer in the waters of New 
England and eastern Canada as far north as Newfoundlard. The population estimate 
for the western North Atlantic is about 5,800 animals. The whales migrate, via 
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Bermuda, to calving grouads on shallow banks in the Caribbean. Humpbacks are 
occasionally seen in the Gulf of Mexico. 


Occurrence in the Study Area. There are no stranding or sighting records of humpback 
— the study area. Because they have been seen on both coasts of Florida, they 
can be 


expected to pass through the study area. 


References. Schmidly (1981); Reeves and Brownell (1982); Leatherwood and Reeves 
(1983); Winn and Reichiey (1985); NMFS (1988); Odell (in press). 


Sperm Whale (Physeter macrocephalus) 


The sperm whale is an Endangered species and occurs worldwide. Historically, the 
sperm whale was hunted in the Gulf of Mexico and adjacent waters. Considerably more 
biological data are available for sperm whales than for other species because they have 
been and continue to be taken in directed fisheries (none currently in the Gulf of 
Mexico). 


Sperm whales are highly sexually dimorphic. Males reach a length of 18 m and 
females 12 m. Males may reach an average weight of 43.5 metric tons and females 13.5 
metric tons. Sperm whales feed primarily on cephalopods. Although their distribution 
is Oceanic, they tend to concentrate near the continental shelf. Figure 10 in Schmidly 
(1981) summarizes some captures for the eastern Gulf of Mexico taken from Townsend 
(1935). 


Occurrence in the Study Area. A number of sperm whales were taken in and near the 
Study area (Figure 8.2). It is likely that sperm whales in the eastern Gulf of Mexico 
follow the Current southward and then eastward into the Florida Current through 
the Straits of i It is likely sperm whales feed in the study area and, given that 
sperm whale calves have stranded in and near the study area, the study area is probably 
part of a calving area. 


References. Townsend (1935); International Whaling Commission (1980); Schmidly 
(1981); Leatherwood and Reeves (1982, 1983); Rice (1989); Odell (in press). 


Pygmy Sperm Whale (Kogia breviceps) 


The pygmy sperm whale is distributed throughout the temperate and tropical 
oceans. In Florida, it is the second most common single stranded cetacean, after the 
bottlenose dolphin. 


Pygmy ey whales have an average adult length of 3 m and weigh 300 to 400 kg. 
t 1.2 m at birth. Pygmy sperm whales feed primarily on cephalopods, 
but may consume fish in some parts of their range. They are apparently solitary and 
are rarely seen at sea. They seem to occupy deep waters along the edge of the con- 
tinental shelf. Almost all of the information comes from stranded animals. They strand 
much more frequently on the east coast of Florida than on the west coast--perhaps 
because deep waters are closer to shore on the east coast. 


Pygmy sperm whales have stranded in the study area 
(Figure 8.2) and —- occur in the Straits of Florida and Gulf Stream with some 
regularity. They likely feed in the deep waters of the study area. 


References. Moore (1953); Layne (1965); Hancley (1966); Schmidly (1981); 
Leatherwood and Reeves (1983); Caldwell and Caldwell (1989); Odell (in press). 
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Figure 8.2. Approximate stranding locations in the study area for the sperm whale (Physeter macrocephalus), the pygmy 
sperm whale (Kogia breviceps), and the dwarf sperm whale (Kogia simus). 
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Dwarf Sperm Whale (Kogia simus) 


The dwarf sperm whale is the smallest of the three physeterids. This species is 
easily confused with Kogia breviceps, and positive identification usually depends on 
examination of the teeth. For many years, K simus was recorded as K breviceps until a 
proper diagnosis was available. Average adult length is 2.1 to 2.7 m, and average weight 
136 to 272 kg. Sexual maturity is reached at 2.1 to 2.2 m in both sexes, and there is 
little sexual dimorphism. 


Most biological information on dwarf sperm whales comes from stranded animals; 
little is known about their distribution at sca. The primary range appears restricted to 
tropical and subtropical waters. These whales feed mainly on cephalopods. In Florida, 
dwarf sperm whales probably occur along the edge of the continental shelf where 
cephalopods occur. Stranding records are from both coasts of Florida, but more 
frequently from the Atlantic coast. 


Occurrence in the Study Area. At least through 1980, there were no confirmed records 
of dwarf sperm whales in the study area. Since then, there have been two confirmed 
records for Monroe County (Figure 8.2). Although these whales occur and probably 
feed in the study area, there are no known calving or breeding arcas. 


References. Handley (1966); Schmidly (1981); Leatherwood and Reeves (1983); Caldwell 
and Caldwell (1989); Odell (in press). 


Pygmy Killer Whale (Feresa attenuata) 


The pygmy killer whale is poorly known, but appears to be distributed in tropical 
waters. Almost all of the available information comes from stranded animals. Maxi- 
mum reported length is 2.7 m. Sexual maturity occurs at about 2.2 m in both sexes. 
These whales probably eat fish and squid, but may attack other small cetaceans. There 
are nO population estimates. 


S . There have been several pygmy killer whale strandings 
in the study area (Figure 8.3). These whales probably occur in deep waters with 
unknown frequency. 


References. Mitchell (1975); White (1976); Forrester ct al. (1980); Schmidly (1981); 
Leatherwood and Reeves (1983); Odell and Asper (1986); Odcll (in press). 


Risso’s Dolphin (Grampus griseus) 


Risso’s dolphin occurs worldwide from tropical to warm temperate scas. Adults 
reach a length of 3.6 to 4.0 m, with no apparent sexual dimorphism. The specics has a 
diagnostic crease in its melon (forehead), and adults show exicnsive scarring, presumably 
from social interactions. Risso’s dolphin may occur in herds of up to several hundred 
individuals. The species is gencrally found in dcep waters and fceds primarily on 


cephalopods. 


Occurrence in the Study Area. Risso’s dolphins have stranded in the study arca, and 
there havc been recent sightings in the Straits of Florida (Figure 8.4). 


References. Layne (1965); Caldwell and Caldwell (1973); Mitchell (1975); Schmidly 
(1981); Fritts et al. (1983); Leatherwood and Reeves (1983); Odell (in press). 
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Figure 8.3. Approximate stranding locations in the study area for the killer whale (Orcinus orca), the false killer whale 
(Pseudorca crassidens), and the pygmy killer whale (Feresa attenuata). 
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Figure 8.4. Approximate stranding and sighting locations in the study area for Risso’s dolphin (Grampus griseus) and the 
short-finned pilot whale (Globicephala macrorhynchus). 
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Short-finned Pilot Whale (Globicephala macrorhynchus) 


The short-finned pilot whale is common from tropical to warm temperate seas 
worldwide. The species is common in the Gulf of Mexico and along the Atlantic coast 
of the southeastern U.S. Mass strandings have occurred frequently. 


Short-finned pilot whales are sexually dimorphic. Males may reach a length of 
about 5.4 m and females 4.0 m. Females become sexually mature at about 3.2 m and 
males at about 4.8 m. Birth length is about 1.4 m. Females may live over 60 years and 


males over 45 years. The animals feed primarily on cephalopods. 


There have been several mass strandings of short-finned 
whales in the study area and numerous sightings in adjacent waters (Figure 8.4). 
can be expected to occur in the study area with some regularity. 


References. Layne (1965); Caldwell and Caldwell (1973); Mitchell (1975); Schmidly 
(1981); Reeves and (1982); Leatherwood and (1983); Kasuya and 
Marsh (1984); Odell (in press). 


Fraser's Dolphin (Lagenodelphis hosei) 


Fraser’s dolphin is a poorly known small cetacean that is distributed in tropical and 
subtropical waters of the world. Schmidly (1981) predicted that because of its tropical 
and subtropical distribution, this species would probably occur in the Gulf of Mexico. 


Fraser's dolphins may occur in herds of several hundred or more, and mass 
strandings have occurred, including one at the Marquesas Keys in 1981. Males and 
females reach a length of 2.6 m. They 
and crustaceans. 


seem to feed on mesopelagic fish, cephalopods, 


There is one record of a Fraser's dolphin from the study 
area (Figure 8.5). is is the only record of the species from the Gulf of Mexico. The 
Species may occur in the study area on an infrequent basis. 


Perrin et al. (1973); Mitchell (1975); Schmidly (1981); Leatherwood and 
(1983); Hersh and Odell (1986); van Bree et al. (1986); Odell (in press); Perrin 
and Leatherwood (in press). 


Killer Whale (Orcinus orca) 


The killer whale is distributed in all oceans. Numbers seem to be ter in cooler 
waters. Standings and several recent live sightings have been reported the Gulf of 
Mexico and both coasts of Florida. 


Killer whales are sexually dimorphic. me fay My. tyke tty le 
distinct, tall, dorsal fin. Females reach a length of 7 m. Birth length is 2.1 to 2.4 m. 
Average longevity is thought to be 25 to 30 years. Males become sexually mature at 5.2 
to 6.2 m, females at 4.6 to 5.4 m. Killer whales feed primarily on fish, but may cat 
other marine mammals, sea turtles, and birds. 
two 


There are 
the study area 8.3). Based on recent sighti 
Mexico and off Northeast Florida, killer whales may be expected 
area On an irregular basis. 


ngs in the 
Mitchell (1975); Leatherwood and Reeves (1982, 1983); Heyning and 
(1988); Katona et al. (1988); Mitchell and Reeves (1988); Sigurjonsson and 
Leatherwood (1988); Odell (in press). 
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Figure 8.5. Approximate stranding locations in the study area for Fraser's dolphin (Lagenodelphis hosel) and the 
rough-toothed dolphin (Steno bredanensis). 
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Melon-headed Whale (Peponocephala electra) 


The melon-headed whale is similar in appearance and size to the pygmy killer whale. 
The species appears to be distributed worldwide in tropical and subtropical waters. The 
melon-headed whale has been reported from the southern Caribbean, but not from the 
Gulf of Mexico. 


Melon-headed whales reach a length of 2.6 to 2.7 m, with sexual maturity at about 
2.3m. Feeding habits are unknown, but the dict probably includes fish and squid. 


the S Although melon-headed whales have not been reported 
from the Gulf of Mexico or the study area, their tropical/subtropical distribution 
Suggests that they may occur in the study arca. 


References. Mitchell (1975); Leatherwood and Reeves (1983). 
False Killer Whale (Pseudorca crassidens) 


The false killer whale is distributed in tropical and warm temperate waters world- 
wide. This species often mass strands in large numbers. There have been several mass 
Strandings on the cast coast of Florida and along the Gulf of Mexico. There are no 
population estimatcs. 


The maximum reported iength of false killer whales is 6.1 m for males and 4.9 m 
for femaies. False killer whales are maintained in captivity, but most of the information 
on their biology comes from the examination of stranded animals. They feed on fish 


and cephalopods. 


Occurrence in the Study Area. There have been two mass strandings of false killer 
whales in the study areca (Figure 8.3). False killer whales may pass through the study 
area from time to time. 


References. Moore (1953); Layne (1965); Caldwell and Caldwell (1973); Mitchell 
(1975); Odell et al. (1980); Schmidly (1981); Fritts ct al. (1983); Leatherwood and 
Reeves (1983); Asper ct al. (1988); Odell (in press). 


Spotted Dolphins (Stenella frontalis and Stenella attenuata) 


Spotted dolphins are widcly distributed in tropical and some warm tempcrate watcrs. 
The systematics have recently been revised and two species proposed: Stenella fronialis, 
the Atlantic spotted dolphin; and S. attenuata, the pantropical spotted dolphin. 

S. frontalis includes S. plagiodon. Stenella attenuata includes those spoticd dolphins 
referred to as bridled dolphins in the southcastern U.S. Both specics of spotted 
dolphins occur in the waters of the southeastern U.S. and Gulf of Mexico. It is often 
difficult to distinguish the two species at sea or from a cursory cxamination of stranded 


specimens. 


Both species of spotted dolphins reach an average length of 2.0 to 2.2 m, with males 
longer than females. Birth length is about 0.8 m. Stenella attenuata has been cxtcnsive- 
ly studied in the eastern tropical Pacific, where average adult length varies between the 
stocks. Most of the information on spotted dolphins in the southeastern U.S. and Gulf 
of Mexico comes from stranded specimens. Scasonal migrations may occur (both 
north-south and inshore-offshore). The animals fecd on cpipclagic fish and cpipclagic 


and mesopelagic squid. 


281 


Marine Mammals and Sea Turtles 


Occurrence in the S Area. Both spccics of spotted dolphins have stranded in the 
Study area (Figure 8.6). They probably occur in deep waters regularly, but relative 
frequency of occurrence of the two specics has not been determined. 


References. Caldwell and Caldwell (1973); Mitchell (1975); Schmidly (1981); Fritts et al. 
(1983); Leatherwood and Reeves (1983); Perrin et al. (1987); Odell (in press). 


Spinner Dolphins: Short-snouted Spinner Dolphin (Stenella clymene), 
and Long-snouted Spinner Dolphin (Stenella longirostris) 


Spinner dolphins are slender animals whose common names are derived from their 
habit of spinning around the long axis of the body when they jump out of the water. 
Spinner dolphins average about 2 m in length, with males about 0.1 m longer than 
females. Average size varics between stocks. Long-snouted spinner dolphins are found 
worldwide in tropical, subtropical, and (sometimes) warm temperate waters. Short- 
snouted spinner dolphins are restrictcd to the Atlantic in similar waters. They generally 
occur in offshore waters where they feed on mesopelagic fish and epipelagic and 
mesopelagic squid. Mass strandings of both species have been known to occur. 


Occurrence in the Study Area. Both species of spinner dolphins occur in the south- 
eastern Atlantic and Gulf of Mexico, but there is only one stranding record for each 
species in the study area (Figure 8.7). This was a mass stranding of a herd of short- 
snouted spinner dolphins and one long-snouted spinner dolphin. Both species may be 
expected to occur with unknown frequency in the offshore waters of the study area. 


References. Mitchell (1975); Perrin et al. (1981); Schmidly (1981); Leatherwood and 
Reeves (1983); Odell (in press). 


Striped Dolphin (Stenella coeruleoalba) 


The striped dolphin is distributed worldwide from tropical to temperate waters. 
This dolphin is characterized by a distinct black stripe running from eye to anus. 
Maximum length is 2.7 m, with males slightly larger than females. Birth length is about 
1 m. 


Striped dolphins are highly gregarious and have been seen in herds of several 
thousand individuals. They feed primarily on mesopelagic fish but also eat squid. Food 
habits probably vary across the distribution range. Striped dolphins have stranded on 
both coasts of Florida, and live sightings have been made off both coasts. Some stocks 
migrate. 


Occurrence in the Study Area. There have been strandings of striped dolphins in the 
Study area. In addition, numerous live sightings have been made immediately northwest 
of the study area. It is reasonable to expect that they would be found in deep waters of 
the study area. 


References. Layne (1965); Caldwell and Caldwell (1973); Mitchell (1975); Schmidly 
(1981); Fritts et al. (1983); Leatherwood and Reeves (1983); Odell (in press). 
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Figure 8.6. Approximate stranding locations in the study area for spotted dolphins (Stenella attenuata and S. frontalis). 
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Figure 8.7. Approximate stranding locations in the study area for the short-snouted spinner dolphin (Stenelia clymene) and 
the long-snouted spinner dolphin (S. /ongirostris). 
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Rough-toothed Dolphin (Steno bredanensis) 


The rough-toothed dolphin is, in general, poorly known and appears to be widely 
distributed in tropical and subtropical waters. The species may reach a maximum length 
of 28 m. Birth length is not known. 


Rough-toothed dolphins may occur in herds of several hundred, but smaller herds 
appear to be more common. They are known to mass-strand, and have stranded on 
both Atlantic and Gulf coasts of Florida. They likely occur in deep, offshore waters 
where they feed on fish, squid, and pelagic octopuses. Seasonal movements are 
unknown. 


There have been two mass strandings of rough-toothed 


Occurrence in the Study Area. 
dolphins in the study area (Figure 8.5). They are likely to occur in deep waters of the 
Study area, but with an unknown frequency. 


Moore (1953); Layne (1965); Caldwell and Caldwell (1973); Mitchell 
(1975); Schmidly (1981); Leatherwood and Reeves (1983); Odell (in press). 


Bottienose Dolphin (Tursiops truncatus) 


The bottlenose dolphin is distributed worldwide from tropical to temperate waters. 
It is found in shallow, inshore waters as well as deep, offshore waters. It is the most 
common cetacean in the study area (Scott et al. 1989), and based on its abundance, the 
most likely to be affected by oil and gas operations. 


Systematics of Tursiops are confused, and several different species have been 
All are currently considered to be T. rruncatus until a thorough evaluation 
has been made. There are two morphs: large and small. The small morph reaches an 
adult length of 2.5 to 2.6 m, whereas the large form may reach a length of 3.7 m. Birth 
length is about 1.2 m. Tursiops is the most common cetacean maintained in marine 
zoological parks and aquaria. It has been studied extensively in the field and in 


Captivity. 


Bottlenose dolphins are highly social and may form herds of over 100 animals. 
Smaller herds are more common. The animals feed on a wide variety of fish and some 
cephalopods. Migratory patterns are known in the temperate portions of the range. 
Both morphs of Tursiops are known from the east coast of Florida, and both forms 
appear to be present in the Gulf of Mexico. The small morph is predominant. 


Occurrence in the Study Area. Bottlenose dolphins are common throughout the study 
area year-round. Almost all records are of the small morph. Estimates of average 


population size range from 1,723 to 3,916 animals, with the highest estimates during 
winter (Scott et al. 1989). 


References. Moore (1953); Layne (1965); Mitchell (1975); Schmidly (1981); 
Leatherwood and Reeves (1982, 1983, 1990); Fritts et al. (1983); Asper et al. (1988); 
Scott et al. (1989); Odell (in press). 
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Blainville’s Beaked Whale (Mesoplodon densirostris) 


Blainvilie’s beaked whale is, as is the case for most beaked whales, poorly known. 
It occurs widely from tropical to warm temperate waters. This whale reaches a length 
of about 4.7 m. The single pair of mandibular tccth erupt in the males but not in the 
females. Birth length is unknown. 


Blainville’s beaked whales seem to be relatively solitary and inhabit deep waters, 
where they feed on cephalopods. Seasonal movements are not known. 


Occurrence in the Study Area. Blainville’s beaked whales are known from strandings in 
the Gulf of Mexico and the Atlantic coast of Florida, but not from the study arca. It is 
likely that they occur in the study area from time to time. 


References. Moore (1953); Layne (1965); Mitchell (1975); Schmidly (1981); Fritts ct al. 
(1983); Leatherwood and Reeves (1983); Mead (1989); Ridgway and Harrison (1989); 
Odell (in press). 


Sowerby’s Beaked Whale (Mesoplodon bidens) 


Sowerby's beaked whale is cxitremcly rare and is known in the southeastern U.S. 
from only one record from the Florida Panhandle in the Gulf of Mexico. This species 
reaches a length of at Icast 5 m and generally occurs in cold waters of the North 
Atlantic. The Gulf of Mexico record is the southernmost record for the specics in the 
western North Atlantic. There are no population estimates, and scasonal movements 
are unknown. 


Occurrence in the Study Area. There are no records for Sowerby’s beaked whales in 
the study arca. However, because of the record from the Gulf of Mexico, this specics 


might be expected to pass through the study arca. 


References. Mitchell (1975); Leatherwood and Reeves (1983); Bonde and O'Shea 
(1989); Mead (1989); Odell (in press). 


Gervais’ Beaked Whale (MVesop/odon europaeus) 


Gervais’ beaked whale is known primarily from the western North Atlantic from 
tropical to warm temperate waters, with a few records from the western North Atlantic 
and the northern South Atlantic. The specics may reach an adult length of 5 m. Birth 
length is about 2 m. As with other beaked whales, the mandibular tecth crupt only in 
the males. 


Gervais’ beaked whales favor decp watcrs, where they feed on cephalopods. 
Scasonal movements arc unknown, and there are no population cstimates. 


Occurrence in the Study Area. Gervais’ beaked whalcs have stranded in the study arca 
(Figure 8.8) and probably occur in dcep waitcrs at an unknown frequency. 


References. Moore (1953); Layne (1965); Mitchell (1975); Leatherwood and Reeves 
(1983); Mead (1989); Ridgway and Harrison (1989); Odell (in press). 
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Figure 8.8. Approximate stranding locations in the study area for Gervais’ beaked whale (Mesopiodon europaeus) and 
Cuvier's beaked whale (Ziphius cavirostris). 


Marine Mammais and Sea Turtles 


True’s Beaked Whale (Mesoplodon mirus) 


True’s beaked whale is extremely rare and is known only from the 
Atlantic and southwestern Indian Ocean. There are several records from Florida 
through the Carolinas. There are no records from the Gulf of Mexico. This species 
reaches a length of 5 to 55 m. The single pair of mandibular teeth erupt only in the 


True’s beaked whales probably feed on cephalopods. There are no population 
estimates, and seasonal movements are unknown. 


There are no records for Truc's beaked whales in the 


Occurrence in the Study Area. 
Study area. However, as with Mesoplodon bidens, this species might be expected only on 
rare occasions. 


Moore and Wood (1957); Mitchell (1975); Schmidly (1981); Leatherwood 
and (1983); Mead (1989). 


Cuvier's Beaked Whale (Ziphius cavirostris) 


Cuvier’s beaked whale is found in all oceans from tropical to subpolar waters. It 
may reach a length of 7.5 m. Sexual maturity is at about 6 m in females and 5.5 m in 
males. Birth length is about 2.7 m. The single pair of teeth are located at the tip of 
the mandibies and erupt only in the males. 


Cuvier’s beaked whales may be found in herds of a few individuals. These whales 
waters and feed on cephalopods and deepwater fish. There are no 


population estimates. Seasonal movements may occur in the subpolar regions of their 
distribution. 


ee ee Cuvier’s beaked whales have stranded in the study arca 
(Figure may be expected to occur with a low frequency in deep waters at 
any time of year. 


Retremess Moore (19> Layne (1965); Mitchell (1975); Schmidly (1981); Fritts ct al. 
(1983); and Reeves (1983); Heyning (1989); Ridgway and Harrison (1989); 


Odell (in press). 
Florida Manatee (Trichechus manatus /atirostris) 


The Florida manatee is a distinct subspecies of the West Indian manatee (Trichechus 
manatus), which is classified as an Endangered species. Trichechus manatus occurs from 
the southeastern U.S. to northeastern Brazil; 7. m. datirostris is found from Virginia and 
the Carolinas to Texas. The Florida manatce may reach a length of 3.9 m and weigh 
1,500 kg; the average manatee is about 3 m long. Birth length is about 1.2 m. Sexual 
maturity is reached at about 2.75 m in both sexes. Gestation lasts about one year. 


i 


Manatees are herbivores and feed extensively on seagrasses and freshwater vegeta- 
tion. Their distribution is limited by the distribution of seagrasses, the possible need for 
fresh water, and temperature. Manatces generally move south along the Florida 
peninsula in fall and winter, and north in spring and summer. They can be found in 

Florida year-round. The minimum population count in winter 1986 was 
1,200 individuals. Neither the size nor the trend of the Florida manatce population is 
known. Collisions with power boats currently account for at least 35 to 40% of total 
annual mortality (about 120 animals) in Florida. The number of manatees killed by 
power boats has increased rapidly in recent years and paralicls the trend of an increas- 


ing boat population. 


Marine Mammals and Sea Turtles 


Occurrence in the Study Area. Manatees have been documented in the study area in 
and westward as far as the Dry Tortugas (Figure 8.9). They can be 


areas abundance on a year-round basis. No calving or congre- 
gating sites have been identified within the study areca. 


nf 


953); Layne (1965); Odell (1982); Fritts et al. (1983); 
Rail: Wtescati ond Penmaes (olbGs Demaing and Hayek 


(in press). 


turtles belong to the ancient Order Testudinata. They occur primarily from 


They generally occur nearshore, but some (¢.g., the leather- 
at conn i aoe Most sea 


ii 


uveniles and older, feed heavily on seagrasses, which places them in a niche that 
overlaps somewhat with that of the sircnians. 


Soe ene eee GSES Gas many Geese De Go suey aoen area are listed in Table 8.2. 
Status is indicated in the table. iptions of each species are 
provided below. 


Species Accounts 
Green Sea Turtle (Chelonia mydas) 


The green sea turtle, an mg op ey yy mee Ay tet: 


carapace length of 76 to 153 cm. is oval in shape, pointed posteriorly, 
and extremely variable in coloration. This variability in coloration can lead to confusion 


with other marine species, especially loggerheads. The head ranges from 12 to 15 cm 

wide in adults. Adult green turtles weigh about 150 kg. The limbs are long and 
-like. Skin coloration is similar to that of the carapace with a yellowish tint. 
have longer tails than females. 


Table 8.2. Sea turtles that are known to occur in the study area. 


Status+ 
Species Common Name ko Federa! State 
TESTUDINATA 

Cheloma mydas turtle T E 
Caretta carefta _ sea turtle 8.10 r T 
erestahe tants idley see turtie - E E 
imbncata ¢ >a turtle - E E 

Dermochelys coriacea leathe. «ck sea turtle - E E 


* Refers to in this ing locations of , 
tae figures 1O.- ee strandings in the study area. 
Florida nesting population of C mydas is considered Endangered by the US Fish and Wildlife 
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Figure 8.9. Generalized distribution of the Flonda manatee (Trichechus manatus /atirostris) in the study area. 
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Green sea turtles are widely distributed between 35°N and 35°S. They have been 
recorded as far north as Massachusetts. They are common in Bermuda, reaching south 
to the Argentine coast at Mar del Plata and Necochea. In the Pacific, green turtles are 
abundant as far north as southern California and south to southern Chile. They are 
also found in great numibers on the coasts of Nicaragua and Costa Rica. 


Green sea turtles are thought to feed on marine invertebrates Guring the first year 
of life. Larger turtles frequent shallow-water seagrass flats to feed on vegetation. 
A subadult green sca turtle was reported to have a large quantity of fish eggs in the gut. 
Seagrass beds in Monroe County waicrs represent important feeding habitat for the 


species. 


Green sea turtles mate offshore from the nesting beaches. Females come ashore 
several times during a scason to lay eggs (about 110 per nest) in the sand. The 
incubation period is 48 to 70 days. Hatchlings are suspected to be pelagic and associaic 
with Sargassum rafts. Age at maturity depends on growth rate. Maturity may be from 
8 to 13 years in temperate climatcs, or at a carapace length of 80 cm. The nesting 
season varies considcrably from one arca to another. In some areas, the nesting scason 
is restricted to a few months of the year, whereas in other locales nesting occurs year- 
round with one or two peaks of a few months. Year-round seasons occur in Malaya, 
Sarawak, the Gulf of Siam, and the Seychelles. In Florida, the breeding/nesting season 
is from April to July. Green turtle nests have been reported on cast coast beaches from 
Volusia County south through Monroe County. 


Occurrence in the Study Area. Green turtics have not nested in the study arca in 


recent years. Howevei, the species docs occur in the waters of the study arca and is 
known to feed there. 


. True (1884); Carr (1952); Carr and Ingle (1959); Rebel (1974); Bjorndal 
(1982); Dodd (1982); Zicman (1982); Harris et al. (1984); Van Meter (1986); Conley 
and Hoffman (1987); Ogren ct al. (1989); Scott ct al. (1989). 


Loggerhead Sea Turtle (Caretta caretta) 


The loggerhead sea turtle, a Threatened species, is a large turtle, with a carapace 
size averaging about 100 cm in length. The head is large relative to the body, averaging 
14 to 26 cm wide. Adult loggerheads weigh from 90 to 160 kg. The carapace is an 
clongated oval and reddish-brown in color. The carapace is often covered with epizoans 
and algae, more so than other species, thus making the turtle appear lighter in color 
than it actually is. As in all turtics, the male has a proportionately longer tail. 


Loggerhead turtles are found all over the world, inhabiting continental shelves, bays, 
lagoons, and estuaries in the temperate, subtropical, and tropical waters of the Atlantic, 
Pacific, and Indian Oceans. 


Loggerhead turtles are omnivorous, but prefer a carnivorous dict. They cat 
shellfish--especially clams, crabs, and oysters. Their prey are bottom-dwelling organisms, 
loggerheads have been observed at depths of 30 m and may be able to dive 50 to 70 m. 


Loggerhcads nest worldwide, with major nesting grounds generally located in warm 
temperate and subtropical regions. In mainland Florida, loggerheads nest from April 
through September; in the Florida Keys, the breeding season is from April through 
June. There is a significant amount of loggerhead nesting in Everglades National Park. 
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Loggerheads mate at the surface of the water offshore near the nesting beaches, 
before and during the nesting scason. Nesting usually occurs at night, but diurnal 
nesting does occur. Several times a scason the female comes ashore and lays an average 
of 110 eggs. The incubation period is from 50 to 70 days. 


Few data exist on hatchlings at sca. Some are found in association with Sargassum 
rafts. Age at maturity varies with growth rate. In captivity, females reach egg-laying 
size in 6 to 7 years. In the wild, animals mature at a carapace length of 79 cm. 


Occurrence in the Study Area. Loggcrhcads are the only sea turtles that nest in the 
Study area (Figure 8.10). They may be sighted year-round in the study area. 


References. Carr (1952); Rebel (1974); Davis and Whiting (1977); Pritchard (1979); 
Fritts and Reynolds (1981); Bjorndal (1982); Fritts et al. (1983); Harris et al. (1984); 
Van Meter (1986); Conicy and Hoffman (1987); Dodd (1988); Ogren et al. (1989); Scot 
et al. (1989). 


Kemp's Ridiey Sea Turtle (Lepidochelys kempi) 


The Kemp's ridley is the smallest and most Endangered of the sea turtles. Its 
carapace often appears round, with a length of 50 to 70 cm, and a width almost the 
same. It has a proportionately wide head, about 14 cm. Adults typically weigh about 
40 to 45 kg. The limbs are paddle shaped. The adult Kemp's ridley ranges from a slate 
to a pale gray in color; young are darker, often near black. The males have propor- 


tionately long tails. 


Kemp's ridley turtles are found along the Gulf coasts of Mexico, Texas, Louisiana 
and Florida. They are regularly sighted in the Keys and the Florida east coast, and 


occasionally in Georgia and north to New England (Van Meter 1986). They are absent 
in the Caribbean. 


Kemp's ridley sea turtles feed on crustaceans, molluscs, jellyfish, and fish. They are 
mostly bottom feeders. The coastal areas of the Gulf of Mexico, especially around 
Louisiana, are important feeding grounds. 


Mating of Kemp's ridleys occurs offshore of the nesting beaches. Kemp's ridley 
turtles nest in aggregations called “arribadas,” almost exclusively in Mexico. Most of the 
nesting occurs within a small stretch of beach north of Tampico. These arribadas occur 
at irregular times between April and June. The females come ashore ihree times a 
season to lay an average of 110 eggs. Kemp's ridleys nest during daylight, unlike other 
sea turtle species (Rebel 1974). The eggs incubate in 50 days. Kemp's ridley turtles 
reach sexual maturity at a carapace length of about 58 cm, at which length they are at 
least 5.5 years old. 


Occurrence in the Study Area. There are no Kemp's ridley nesting sites in the study 
area. However, the animals do occur in the study area. 


References. Carr (1952); Rebel (1974); Bjorndal (1982); Fritts et. al (1983); Van Meter 
(1986); Caillovet and Landry (1989); Ogren et al. (1989). 
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Figure 8.10. Approximate locations of nesting sites of the loggerhead sea turtle (Caretta caretta) in the study area. 
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Hawksbill Sea Turtle (Eretmochelys imbricata) 


The hawksbill sea turtle, another Endangered species, is smaller than the green sea 
turtle, with a carapace of <100 cm in length. Maximum weight is about 363 kg. The 
carapace of adults is amber with streaks and markings of reddish brown, blackish brown, 
and yellow. The plastron is whitish yellow, often with a few black splotches. Young are 
usually black or brownish black with light brown on the keels, margins of shell and 
flipper, and upper outer areas of the neck. Males have longer tails than females. Limbs 


are paddie-shaped, each equipped with two claws. 


Hawksbill sea turtles are found throughout the world in tropical waters, especially 
near coral reefs and rocky outcroppings in shallow coastal areas. They are present 
throughout the Caribbean and are rarely found north of Florida. 


Hawksbill sea turtles are omnivorous. Within two days of hatching, they cat 
seagrasses. Later, the dict includes algae, barnacies, fish, and jellyfish. The adult dict is 


primarily sponges, sea urchins, and ectoprocts. 


Hawksbill sea turtles breed in warm water between 25°N and 25°S. Copulation 
takes place nearshore; eggs are laid in sand of fine, gravelly beaches. Nests are about 
43 cm deep and 25 cm in diameier. Average clutch size is about 160, average size of 
nesting females is about 84 cm in carapace Iength. Average incubation time is 58.6 
days. 


Occurrence in the Study Area. Hawksbill sca turtles occur and feed in the study area, 
but they do not nest there. Frequency of occurrence is unknown. 


References. Carr (1952); Carr et al. (1966); Rebel (1974); den Hartog (1980); Bjorndal 
(1982); Van Meter (1986); Ogren et al. (1989). 


Leatherback Sea Turtle (Dermochelys coriacea) 


The Endangered leatherback sea turtle is the largest of the sea turtles, with a 
carapace length of about 180 cm and a weight of up to 590 kg. The leatherback has a 
shield-shaped carapace with seven prominent ridges running from front to back. The 
carapace and extremities lack scutes; rather, they are covered with smooth skin. The 
front flippers are very long. The leatherback is generally black above and marked with 
pale spots. Ventrally, it is white with black mottlings. 


Leatherback sea turtles range throughout the Atlantic, Pacific, and Indian Oceans. 
They have been found as far north as Labrador and Alaska and as far south as Chile 
and the Cape of Good Hope. Leatherback turtles spend much time far out at sea, but 
they also concentrate in relatively shallow coastal waters, including the cast and wesi 
coasts of Florida. 


Jellyfish are the primary food of leatherback turtles. They are also known to cat 
the animals that live in association with jellyfish. Fish remains and hatchling ridleys 
have been reported in leatherback stomachs. The presence of deepwater jellyfish species 
in the stomachs of leatherback sea turtles indicates that they are capable of diving to 
great depths. 


Leatherback turtles nest in tropical and subtropical mainland shores, especially in 
Malaysia, Mexico, the U.S. Virgin Islands, Central America, and the Guianas. Some 
nest in Florida and Georgia. There are no records of nesting on the beaches of the 
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Florida Keys. A major nesting area was discovered recently along the southern Mexican 
Pacific shoreline, where it was estimated that there were 100,000 breeding females. 
Leatherback sea turtles mate away from their nesting beaches. A male may mate with 
females from several nesting beaches. Leatherbacks are less faithful to a nesting beach 
than other species of sea turtles. They nest at night at 10-day intervals, about six to 
seven times a season. Females nest every two to three years. From 60 to 100 eggs are 
laid per clutch. Leatherbacks lay fewer eggs than other sea turtles, but both the eggs 
and the hatchlings are larger. The incubation period is from 60 to 70 days. 


Occurrence in the Study Area. Leatherback sea turtles occur in deep waters of the 
Study area with unknown frequency. There are no nesting records. 


References. Carr (1952); Yerger (1965); Pritchard (1971, 1979, 1982); den Hartog 
(1980); Hirth (1980); Bjorndal (1982); Hopkins and Richardson (1984); Van Meter 
(1986); Ogren et al. (1989). 


ENVIRONMENTAL ISSUES 
General 


Worldwide, marine mammals and sea turtles have been, and continue to be, affected 
by various forms of environmental pollution (e.g., chlorinated hydrocarbons, heavy 
metals, plastics) and environmental degradation (e.g., coastal development). Increasingly, 
these animals have become victims of commercial fishing activities (e.g., purse seining, 
drift gillnetting, shrimp trawling). 


Historically, marine mammals and sea turtles have been exploited and overexploited 
by humans for food, hides, meat, oil, and bone. Some populations of marine mammals 
and sea turtles were reduced to levels from which recovery was thought to be impossible 
(e.g., the blue, gray, and right whales, and the ciephant seal). The Caribbean monk seal 
was in fact completely eliminated by human activities (hunting). Some species, such as 
the gray whale and the clephant seal, have made spectacular recoveries to population 
levels at Or exceeding pre-exploitation levels as a result of total protection from hunting. 
The verdict is still out on other species (blue and right whales) which, even though fully 
protected, have not recovered at the anticipated rate. Changes in the food web 
Structure of entire ecosystems may be partly responsible. For example, depletion of blue 
whale stocks in the Antarctic resulted in a surplus of krill that could be exploited by 
other predators. The crabeater seal population apparently expanded as a result of this 
surplus. Other animal populations probably responded similarly if they were 
food-limited. The result is that, even though blue whales are fully protected, there may 
not be enough surplus food for the population to recover to previous levels. In other 
areas (¢.g., the Bering Sea), human fisheries compete directly with marine mammals for 


the same prey species. 


Even though marine mammals and sea turtles are fully protected within U.S. waters, 
human activities other than hunting are directly and indirectly affecting them. A major 
factor is incidental take in fisheries. Thousands of marine mammals are killed cach year 
in tuna purse seines and salmon gill nets in the North Pacific and drift nets worldwide; 
others di¢ due to entanglement in lost or discarded fishing gear. The possibility of 
expanded use of drift gilinets along the U.S. east coast is cause for alarm. Sea turtles 
are killed in shrimp trawis and become entangled in discarded fishing gear. Henwood 
and Stuntz (1987) estimated that the southeastern U.S. shrimp fishery kills over 11,000 
sea turtles each year (prior to the implementation of turtle excluder devices), with about 
10,000 of these being loggerheads. 
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Pollution also takes its toll of marine mammals and sea turtles. Various chemical 
pollutants (pesticides, polychlorinated biphenyls, and trace metals) accumulate in the 
tissues of these animals, with as yct unknown cffects. Marinc mammals and sea turtles 
ingest discarded plastic material, which has been directly responsible for the death of 
some animals (Sadove and Morreale 1989). 


Marine mammals and sea turtics are oftcn hit by boats and severely injured or 
killed. Many of the right whales that migrate through the coastal waters of the castern 
U.S. have been hit by ships. For cxamplic, 60% of the right whales in the New England 
Aquarium's photographic identification catalog show evidence of having been hit by 
ships or their propellers (NMFS 1989). 


Study Area 


The West Indian manatce (througout its range) is currently Endangered as the 
result of historic overhunting for meat, fat, bone, and hides. The manatee has a low 
reproductive rate (one calf every three years; scxual maturity at about cight years of 
age). Although the species is protected througout its range, other human activitics in 
Florida have replaced hunting as a threat, and these continue to prevent recovery of the 
population. Almost all of the manaices have been hit by a boat at one time or another. 
About one-third of total annual manatce mortality in Florida is directly attributable to 
boat collisions, and about half of total mortality is due to human factors (including 
boats). Collisions with boats (propelicr and hull impact) have increased dramatically 
during the last five years (Florida Department of Natural Resources, unpubl. data). 


Other human-related factors affecting manatees include entrapment in flood control 
dams and navigation locks, ingestion of plastic debris and lost fishing lures, cntang!c- 
ment in crab-pot float lincs and lost monofilament linc, and limited poaching and 
vandalism. Destruction of manaice habitat (particularly seagrass beds) as a result of 
coastal development is an cvcr-increasing threat to the continued existence of manatces 
in Florida. In addition, manatces arc subject to mortality as a result of unusually cold 
weather (as during the freeze of December 1989) and as a result of red tide toxin. 
These unpredictable natural factors add to the high mortality rate. 


The botticnose dolphin is the most common marine mammal in the watcrs of the 
southeastern U.S. and the Gulf of Mexico. The species is affected to an unknown 
extent by commercial fishing activitics. Dolphins have been found entangicd in gillnets 
and other fishing gear (Odcli, unpubl. data). Carcasscs have also been found with 
flukes cleanly cut off, suggesting removal from nct entanglements (Odell, unpubl. data). 
Some dolphins have also been shot. These factors have not been quantified because 
beached dolphins are not thoroughly cxamined. Botticnose dolphins are a top-level 
predator and do accumulatc pollutants, such as chlorinated hydrocarbons. Factors (such 
as pollution) that affect dolphin prey will ultimately affect these animals as well. 
Recently, Geraci (1989) reported that over 700 bottlenose dolphins dicd over a nine- 
month period between New Jersey and cast ceniral Florida, apparently as a result of 
ingestion of fish contaminated with brevetoxin. 


The other marine mammal specics known or suspected to occur in the study area 
are (apparently) relatively rare in comparison with the botiicnose Jolphin. However, 
large whales (blue whale, humpback whale, right whaic, cic.) are subject to cntanglement 
in fishing gear and collisions with vesscls. Pygmy sperm whales are known to accumu- 
late chlorinated hydrocarbons and can dic from ingesting plastic bags. Humpback 
whales are subject to saxitoxin poisoning from cating contaminated fish (Geraci ct al. 
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1989). It is therefore reasonable to assume that increased pollution, fishing activitics, 
and ship traffic would affect these animals. 


The greatcst single threat to sca turtics in the southeastern U.S. and the Gulf of 
Mexico is death in commercial shrimp trawis. The effect of regulations requiring the 
use of turtle excluder devices has yct to be cvaluated. Destruction of nesting beaches 
through coastal development is a sccond major threat to sea turtles. In addition, sca 
turtles may die from ingestion of plastic debris, entangicment in lost fishing gear, and 
collisions with vessels. Although the Threatcned loggerhead sea turtle is the specics 
most commonly killed in shrimp trawls and found dead on the beaches, the other 
Endangered sea turtles (particularly the Kemp's ridley) suffer proportionately greater 
mortality. Human activities that affect seagrass beds and other components of sea turtle 
habitats continue to work against the survival of these species. There is little published 
information on the accumulation of pollutants (chlorinated hydrocarbons, heavy metals, 
cic.) in sea turtics. 


CONCLUSIONS 
Marine Mammals 


Nineteen species of marine mammals are known from the study area, and 10 
additional species may occur there, based on strandings and sightings in nearby waters. 
Of the 19 known species, only three (the botticnose and Risso’s dolphins and the 
Florida manatee) are known from sightings of live, non-stranded animals. For those 
species known only from strandings, one can only speculate about existing and potential 
threats (natural and anthropogenic) based on observations made outside the study areca. 
Several of those threats have been discussed in the preceding section. 


Almost all of the information on marine mammals in the study area comes from 
strandings, not sightings. If potential threats to these species from oil and gas opera- 
tions are to be evaluated, the basic facts about their distribution and ecology in the 
Study area need to be known. It is not possible to detail potential effects or to say that 
there will be no effects, without more information. For example, the potential for 
accumulation of trace metals in the pygmy sperm whale cannot be evaluated until it is 
known whether the species even feeds in the area. 


Data on the distribution, abundance, and ecology of marine mammals in the study 
area are nearly or completely lacking. The exceptions are aerial seasonal distribution 
and abundance data from aerial surveys for bottlenose dolphins (Scott et al. 1989) and 
acrial survey data for manatees and botticnose dolphins within the waters of Everglades 
National Park (Odell, unpubl. data). 


The data base on marine mammals could be improved by compiling existing survey 
data, then conducting extensive aerial and shipboard surveys to assess seasonal distribu- 
tion and abundance patterns. Two marine mammal and sea turtle workshops sponsored 
by the Minerals Management Service (Keller and Adams 1983; Hain 1990) recom- 
mended acrial surveys as one of the best ways to document the distribution and 
abundance of these animals in the Guif of Mexico. Recent work by Scott et al. (1989) 
Clearly demonstrates the value of these surveys. 


Over the long term, acrial survey results could be used to plan additional, detailed 
Studies (¢.g., using radio or satellite tracking) of individual species. If, for example, 
Pygmy sperm whales were found to occur in deep waters of the study area on a regular 
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basis, a study involving radio telemetry could be useful to determine how they use the 
habitat, thereby increasing our ability to predict potential effects of human activities. 


Because the bottlenose dolphin occurs year-round and in high numbers in the study 
area, it is the species most likely to be affected by human activities in the marine 
environment. Detailed studies of its seasonal distributional patterns, movements of 
individuals, calving areas, and feeding habits should be undertaken. 


Because the Florida manatee is the only Endangered species of marine mammal 
known to reside in the study area, its distrit ution and abundance should be documented 
through aerial surveys, and its movement should be studied using radio and/or satellite 
tracking. Specific attention should be given to the delineation of manatee feeding areas 
within the study area. 


Sea Turtles 


The loggerhead sea turtle is the most common sea turtle species in the study area, 
and the only one that nests there. The green, hawksbill, Kemp's ridley, and leatherback 
turtles occur to a lesser, but mostly unknown, extent. Sea turtle populations are being 
affected by mortality in commercial shrimp trawls. The animals ingest plastic and 
become entangled in lost fishing gear, and their nesting beaches are continually threat- 
ened by development. 


The Kemp's ridley is the most Endangered of the sea turtle species. Effects of 
human activities such as shrimp trawling are proportionately greater on this species than 
on others such as the loggerhead sea turtle. Consequently, decisions about new human 
activities in the marine environment must carefully evaluate the possibility of additional 
mortality on this species. 


Little is known of the distribution, abundance, and ecology of sea turtles in the 
Study area. As with most of the marine mammals, this severely limits our ability to 
predict consequences of new human activitics. Additional aerial surveys need to be 
conducted to determine seasonal distribution and abundance patterns. These could be 
followed up by telemetry studics to determine patterns of habitat use by the various 


species. 
Endangered and Threatened Species 


The Endangered Florida manatee and the Threatened loggerhead sea turtle are the 
most common of the Endangered and Threatened species that occur in the study area. 
They can be found year-round and are the species that are most likely be affected by 
human activities in the marine environment. The other Endangered species of cetaceans 
known from the study area (fin and sperm whales) are, as far as we know based on 
strandings, relatively uncommon. The sperm whale may feed in deep waters of the siudy 
area. Data are insufficient for further speculation. The remaining Endangered/ 
Threatened sea turtles that are known from the study area (green, hawksbill, 
leatherback, and Kemp's ridicy) are probably more common (in general) than the fin or 
sperm whales. Other Endangered cetaceans known from the Gulf of Mexico (blue, 
humpback, right, and sei whales) may pass through the study area. 
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INTRODUCTION 


Birds are an integral part of the ecology of South Florida's coastal and marine 
habitats. They are also an important clement in the aesthetic appeal of South Florida 
to residents and visitors, to many people, birds are a symbol of the wilderness worthy of 
our strongest preservation efforts. Accordingly, any ncw human activities that may 
threaten South Florida’s bird populations or their habitats must be evaluated carcfully. 
In regard to offshore oil and gas activities in the study area, the main concern is oil 
spills. Major oil spills are rare events, but when they occur, birds are often among the 
most conspicuous victims. 


Birds differ from study area fauna discussed in other chapters in one very important 
respect: they fly. Therefore, they can move with case and speed between numerous 
habitats. Not only can they forage in more than one habitat, but special aspects of their 
life history are often adapted to different habitats (c.g., foraging, nesting, roosting, and 
loafing). Habitats may be exploited not only in the diurnal/nocturnal sense, but in the 
seasonal sense as well. Portions or whole populations of a species may change their 
geographical range during the year. These facts are important from the standpoint of 
oil and gas activities, because it means that many birds depend on a variety of uncom- 
promised habitats. Also, it means that birds might encounter oil in more than one 
place; for example, some species could become contaminated during foraging, even if 
their nesting habitat were not oiled. 


‘the study area embraces marine and terrestrial ecosystems unique to the U.S. 
Ecosystems of the study area share with the freshwater wetlands of peninsular Florida 
a rich diversity of aquatic species. The shoreline assemblages of birds include migrants 
from the Arctic and Prairie biomes of the continent. Waterfowl from Canada and the 
northern states spend the winter in habitats of the study area; some of these waterfowi 
only pause here en route to Caribbean land masses and South America. Hundreds of 
individuals of many species of hawks migrate into and through the study arca, feeding 
along the way on other bird migrants in the area. Pelagic species (e¢.g., shearwaters, 
petrels, and many others) range the open ocean of the study area and approach the 
coastlines. Nearly 100,000 tropical terns appear seasonally at the Dry Tortugas to nest 
and rear their young. 


Many of the species covered in this chapter are not year-round inhabitants of the 
Study area. But all species discussed, whether permancni residents or temporary visitors 
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for whatever time periods, obtain food (energy) from the study area’s marine or 
marine-influenced environments. From the energetic standpoint alone, the study area 
becomes highly important to birds migrating to and from North America and the 


Neotropics (to the south). 


There is not enough space in this chapter to present detailed accounts of all bird 
species that may occur in the study area. Therefore, the chapter presents a more 
general perspective of South Florida bird populations. Species profiles for selected birds 
are presented in Appendix B and describe the following: (1) occurrence in the study 
area; (2) seasonality, (3) habitat/natural history; (4) anges (5) prev/food; and 
(6) other comments, including susceptibility of birds to oil. 


The chapter begins with a description of geographic areas of special importance to 
birds: the Ten Thousand Islands, Florida Bay, the Great White Heron and Key West 
National Wildlife Refuges, and the Dry Tortugas. A second section summarizes 
information on species in categories of concern, including Endangered and Threatened 
species as recognized by the U.S. Fish and Wildlife Service (USFWS) and the Florida 
Game and Fresh Water Fish Commission (FGFWFC). The next three sections present 
descriptive information on three groups of birds: pelagic birds, coastal birds, and land 
birds. Within each group, species are considered within the framework of the orders 
and/or families they represent, which are presented in phylogenetic order (after the 
[AOU 1983 — Union [AOU] Check-list of North American Birds, 6th edition 

1983}) 


GEOGRAPHIC AREAS OF SPECIAL IMPORTANCE TO BIRDS 
The Ten Thousand Islands 


From Cape Sable to the northern boundary of the study arca, a distance of 
approximately 130 km (70 nmi), lies a complex maze of channels, mangrove islands, 
inland bays, and estuaries (Figure 9.1; sce also Chapter 2). Yokel (1983) described this 
area as a series of “adjacent and interconnected drainage patterns that carry water from 
the freshwater and cypress sloughs through the fringing mangrove forests into an 
extensive series of shallow estuaries." South Florida's historian Tebeau (1957) described 
the Southwest Florida coast as “a region unique in the United States if not in the 
world.” The Ten Thousand Islands are mangrove-covered c’<rwash islands, their 
symmeiries determined by tidal wash, that extend along the coasts’ interface with the 
Gulf. 


Estuaries are the “nutrient-rich havens of particular importance to... shallow water 
euryhaline fishes" (Adams et al. 1973). These estuaries are also the “nurseries” where 
the pink shrimp, spawned off the Dry Tortugas, before returning to their 
breeding grounds off the Dry Tortugas (Robbice and Tilmant 1987). The euryhaline 
ichihyofauna is a major food web link between the estuarine primary producers and the 
commercially or sport-harvested fish. The avifauna is an extension of this link. 


Areas in the Ten Thousand Islands (e.g., Chokoloskee Bay, Estero Bay, Indian Key, 
Marco ABC, and Rogers River Bay) are important to birds for a number of reasons. 
For cormorants, pelicans, wading birds, and some other species, these areas 
significant nesting rookeries. For waterfowl, Kushian et al. (1982) reported the largest 
concentrations of wintering birds in Everglades National Park from these estuaries. For 
land birds, the mangrove forests along this coast are the habitat of typical land bird 
assemblages adapted to a marine swamp forest and marine-influenced upland forest. 
Also, the Gulf-fringing mangroves are the spring landfall of sometimes vast numbers of 
trans-Gulf migrants coming north from South America. 
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Figure 9.1. Areas of special importance to birds: (1) Ten Thousand Islands, (2) Florida Bay, (3) Great White Heron and Key 
West National Wildlife Refuges, and (4) Dry Tortugas. 
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An outstanding feature of the Southwest Florida coast is a scrics of long, sandy 
beaches. The beach at Naples, just north of the study area, extends for 12 km 
(6.5 nmi); the Marco Island beach, for approximaicly 10 km (5.4 nmi). Sandy-shell 
beaches rim portions of Cape Romano, and more sandy beaches, sand spits, bars, sand 
humps, etc. lie to the south. Al many poinis, there are offshore sandy barrier beaches. 
Anyone who visits these beaches in winter will be impressed with the solid ranks and 
“clouds” of shorebirds loafing and foraging there. Scvcral specics of gulls and terns 

rey Qe. along these beaches and rest upon them. The Cape Romano area is notable for 

ig Marco River system of bays and estuarics which have furnished important 

ionuging grounds for pelicans, wading birds, and shorcbirds of many species. A winier- 
ing concentration of the American Oystercatcher (Haematopus palliatus), a Species of 
Special Concern, gathers south of Caxambas Pass in winter. The beaches are one of the 
few remaining nesting sites of the Threatened Southeastern Snowy Plover (Charadrius 
alexandrinus tenuirostris). 


Oil floating to these shores could result in a major ccological catastrophe. How 
long oil might linger in the channels and mangroves of the Southwest Florida coast's 
estuaries, one could not say. What would the cffcct be upon the shorebirds foraging 
along the tidal lines of these beaches? These are very scrious considerations that could 
affect the future of the many avian specics that utilize this habitat. 


Fiorida Bay 


Florida Bay's area exceeds at least 1,500 km? (sce Chapter 2). It is bordered on the 
north by the mangroves of the southern rim of the peninsula. From Lake Surprise on 
the east, the southwestward-oricnied Florida Keys form the southern margin. On the 
west, the bay is open to the Gulf of Mexico (Figure 9.1). Exactly where the western 
margin of the bay should be set is debatable. Some dcfine Florida Bay as comprising 
those waters within the Everglades National Park Boundary; others, as cast of a line 
stretching from cither Key West or the Dry Tortugas to Cape Sable or Cape Romano. 
Charactcristic of the bay is a network of shallow mudbanks (Schomer and 1982). 
These lie cast of a line from western Cape Sable to Sandy Key and then south to 
Lignumvitae Key. There are geological and ccological reasons for regarding this line as 
the western margin of Florida Bay (E. Shinn, pers. comm. 1989, U.S. Geological 
Survey). It is not always clear in the litcrature, however, what limits are recognized by 
particular authors. Nor is it always a simple matter to define the activitics of volant 
Organisms in tcrms of two contiguous marine arcas. With respect to the subtropical 
estuary that Florida Bay is, Guscy (1981) charactcrized it as part of an “estuarine zone 
that extends from Fort Lauderdale around the tip of Florida inside the Florida Keys to 
Cape Romano.” Again, with respect to volant organisms, “boundarics” within this zone 
may have little meaning. 


Florida Bay's shallow mudbanks partition it into internal basins or “lakes” (Merriam 
1987), aquatic vegetation of which affords important habitat for organisms supporting 
the food web that includes the aquatic birds. Powell (1987) found that wading bird 
foraging at study sites in different portions of the bay was influenced by “a complex, 
heterogeneous pattern of watcr-level fluctuations.” These emphasized three cycles: 

(1) an annual cycle uniform throughout the bay; (2) a daily Muctuation; and (3) a 
fluctuation dependent upon effects of wind on the bay's shallow waters. The effects of 
these fluctuations on engine are discussed in the species profiles (Appendix B). 
Movements of wading birds about, into, and out of the bay are, of course, dependent 
upon foraging opportunities or food availability. Kushlan (1981) described “scasonal 
migrations,” “radiated dispersals,” and “intra-regional movements" of wading birds as 
oe to resource availability. Population movements of these sorts indicate that 
in the event of oil pollution of the bay, birds present at any given stage of the pollution 
would be followed by a continuous succession of additional, unaffected numbcrs. 
Population movements are discussed in the species profiles. The numerous ecological 
niches that wading birds occupy in Florida Bay are demonstrated by the broad spectrum 
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of bird sizes (c.g., bill and Icg Iengths) and feeding techniques or foraging behaviors, of 
which Kushlan (1981) described nearly 4. 


The role of the red mangrove (Rhizophora mangle) in ucing detritus that 
nourishes the food chains ae ee Florida Bay's «hd py (Heald et al. 
1974; see also Chapter 4). Mangroves are vital to these birds in additional ways. Many 
wading birds forage in shallow waicrs below the mangroves. Many roost within the 
mangroves. In the mangroves of the islands and isicts of Florida Bay, wading birds nest, 
individually or in colonics. The dependence of wading birds, as well as many other 
aquatic and largely terrestrial birds, upon mangroves is significant. Teas et al. (1989) 
Stressed the fact that “the low-energy sitcs where mangroves grow are also areas where 
oil accumulates.” These authoritics also noted that oil from offshore is carricd into 
mangrove forests by winds and tides, and may persist in mangrove forest soils for years 
after an oil = (Teas et al. 1989). In addition to Teas et al. (1989), Odum and 
Johannes (1975) found that oil can be harmful to mangroves; they cited Gilmore 
regarding a spill in Guayanilla Harbor, Puerto Rico that ‘virtually destroyed the 
mangrove habitat." Additional information about oil spill effects on mangroves is 

ted in Chapter 15. Destruction or degradation of the Florida Bay mangrove 
itats would be disruptive to many avian activities. 


Florida Bay and its contiguous mangrove areas (Southwest Florida coast and Ten 
Thousand Islands) present considerations regarding “oil and the avifauna” that have only 
begun to be addressed (but see Chan 1977). Much of our present information on the 
subject of birds and oil is derived from northern oceans with arctic, subarctic, and 
no. .h-temperate avifaunas. King and Sanger (1979) and Clark (1984) discussed oil 
mortality of murres, puffins, gannets, and other such seabirds with populations of 
impressive numbers and with breeding colonies spread over wide areas. Hunt (1987), in 
overview of the question of effects of oil on seabirds, stated “the evidence from northern 
British Isles and the North Sea is that, for many species, oil-related mortality has not 
peated pe mie yl and he continued “caicuiations of oi!-related mortality in relation 
to nat mortality in seabirds suggests that oil-rclated deaths represent a small fraction 


of the natural mortality for most * In Florida Bay, we are dealing with a 
subtropical avifauna which is not the same as in the North Atlantic or h Pacific 
Oceans. Florida Bay's subtropical avifauna is unlike that anywhere else. For example, 
many wading bird species in ida Bay are represented by “unique” populations 


1987; see Appendix B). The blue morph of the Great Blue Heron (Ardea 
herodias) is relatively sedentary and found at the tip of a peninsula along which many 
have demonstrable clines (gradations) in cha tics. The individuals of other 


adaptations are not as finely tuned to the bay. Moreover, the lation is a relatively 
no more than a very few thousand at best. , @ significant 

of the population of the white morph of the Great Blue Heron is found here. In 
this century, this morph has probably never had more than hundreds or a very few 

thousand individuals. These are not the immense populations of North Atlantic murres 

or puffins. Any considerable unnatural moriality beyond thai which the population can 
populations. The situation is additionally 

exemplified by the Reddish Egret (Egretta rufescens) and the Roseate Spoonbill (Ajaia 
aaja). spy A Ak gd yp oh dy. dy gd dp 
is to the wading birds just mentioned, there 

are birds in the categories of and Threatened species that winter in Florida 

n migration, or breed around it (see Species in Categories of 
ty to even individuals of these populations should be a cause for real 


E 
H 


concern. 
Florida Bay is an unusual vignette of subtropical climate, water, ts and animals, 
all interacting in complex ways. [eevatsen at poumutien of don ftemie ty 
ecosystem are critical to South Florida bird populations. 


Suds 


The Great White Heron National Wildlife Refuge and the Key West 
National Wildlife Refuge 


Between Marathon, at the western margin of Florida Bay, and Key West, the 
offshore keys to the north of the mainline keys constitute the Great White Heron 
National Wildlife Refuge (Figure 9.1). These mangrove-covered keys, distributed over 
an area more than 70 km (38 nmi) in length, contain nesting sites for the white morph 
of the Great Blue Heron, other wading birds, and numerous other species (¢.g., 
Double-crested Cormorants, Ospreys, Clapper Rails, Willets, Laughing Gulls, 
White-crowned Pigeons, Black-whiskered Vireos, Cuban Yellow Warblers, and many 
others). Nesbitt et al. (1982) identified 14 breeding sites of colonial waterbirds in the 
approximate area of this refuge. Five of these sites had breeding Brown Pelicans; 

11 had Double-crested Cormorants; 8 had Great Blue Herons, white morph; 7 had 
Great Blue Herons, 'iue morph; 3 had Great Egrets; and 3 had White Ibis as weil as 
additional species of colonial wading birds. These keys also function as a stopping-place 
landfall for many spring migrants. 


The Key West National Wildlife Refuge embraces the chain of keys extending 
through 30 km (16 nmi) to the Marquesas Keys. There are about 30 of these keys 
known as Sand Keys (Davis 1942). These keys harbor many of the nesting species 
found in the Great White Heron National Refuge. The Marquesas Keys have been a 
nesting site formerly used (until 1988) by the Magnificent Frigatebird. Tidal flow into 
the extensive Marquesas lagoon could well draw nearby floating oil into this mangrove- 
rimmed area. Here, as with the other keys, foraging grounds for many species could be 
damaged, with serious effects to the avifauna. 


The Dry Tortugas 


These several islands, the westernmost of the Florida Keys, lie about 110 km 
(60 nmi) west and slightly north of Key West (Figure 9.1). They are in the configura- 
tion of an atoll, shaped by winds and tides upon the Tortugas Bank. The central lagoon 
is almost 16 km (8.6 nmi) in longest diamcter, with maximum depths ranging from 9 to 
18 m. The Dry Tortugas are composed of coarse-grained, calcareous sand mixed with 
rubble of coral and other marine organisms. Shorelines are constantly reshaped by wave 
action; hurricanes and other storms accentuate the reshaping. 


More than 125 km (68 nmi) from the Florida mainland (Cape Sable), the Dry 
Tortugas lie in open waters of the Gulf of Mexico. They rise from the Tortugas Bank 
near the western edge of the continental shelf. Between the peninsula and the Dry 
Tortugas, the ocean is shallow (much of it <28 m in depth). The shallow waters, rich 
in plankton and fish, are frequented by marine and coastal birds. These waters provide 
a nearby food resource for nesting concentrations of pelagic birds at the Dry Tortugas, 
especially for tropical terns. To the south, between the islands and Cuba, passes the 
Florida Current, an oceanic pathway frequented by pelagic birds. To the wesi lie 
nutrient-rich waters of the Gulf of Mexico which support the Tortugas shrimp fishery. 


Keys of the Dry Tortugas are of two general types: (1) "low" keys with little 
elevation above the tides, and little or no vegetation; and (2) "high" keys of a more 
permanent nature, with elevations <1 m and with considerable vegetation (¢.g., Bush, 
East, Garden, and Loggerhead Keys). 


"High" keys support plant cover. Loggerhead Key, about 12 ha in size, has a forest 
of exotic Australian pines (Caswarina sp.) which are important to perching birds that 
winter there and/or pause in migration. Other trees include sea grapes (Coccoloba 
uvifera) and gumbo-limbo (Bursera simaruba), both natives, whose blossoms are 
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frequented in spring by northward-migrating birds. Bush Key, about 8 ha in size, is the 
present nesting site of an enormous nesting population of colonial tropical terns. The 
key is sparsely covered with low bay cedar (Surana maritima), red mangroves are 
present; and a iow plant of saline soil, glasswort (Salicornia sp.), grows abundantly, 
especially in open spaces. About two-thirds of Garden Key's 6 ha is enclosed within the 
walis of Fort Jefferson. Growing within the central parade ground of the fort are 
numerous buttonwoods (Conocarpus erectus), some large gumbo-limbos, a few geiger- 
trees (Cordia sebestena), and numbers of exotic trees and plants. Outside the fort's 
wails are large casuarinas, coconut palms (Cocos nucifer), numbers of buttonwoods, and 
other plants. Characteristic of the high islands are numcrous, often large, prickly pcar 
cacti (Opunna sp.), sca oats (Uniola paniculata), sea lavender (Tournefortia gnaphalodes), 
and some other plants. 


Audubon visited the Dry Tortugas in 1832. His paintings and descriptions 
(Audubon 1831-1839) attracted early attention to an avifauna with tropical, subtropical, 
temperate and, seasonally, Arctic species, some of these surprisingly abundant. Today, 
nearly 250 species of birds have been recorded from the islands (Robertson and Mason 
1965). Some of these species are now regarded as Endangered or Threatened. Interest 
and concern for this unusual avifauna are considerable. 


An outstanding feature at the Dry Tortugas is the “ternery” where several species of 
terns nest. Principal among these are two tropical pelagic terns, the Sooty Tern (Sterna 
fuscata) and the Brown Noddy (Anous stolidus), both colonial nesting species. Nowhere 
in the contiguous U.S. is there another large assemblage of the pan-tropical Sooty Tern. 
They require a rich supply of food to support their reproductive efforts, and this must 
lie within energetically convenient flying distances from the colony. Islands confer 
freedom from terrestrial predators. The island itself must be open enough for their 
nests. Terns have nested at the Dry Tortugas throughout the recorded history of the 
area (since 1903). The ternery is now protected from the commercial eggers that 
formerly carried away tens of thousands of eggs to Cuba and probably other points of 
consumption. Significant research with the terns has been ongoing for more than 30 
years (see ¢.g., Robertson 1978). Bush Key is a treasury of natural history. Because the 
terns are uninterrupted in their activities, they have been able to “tell us" much about 
their biology and biological principles of colonial breeding by pelagic birds. 


Apart from. marine and coastal species of birds, the Dry Tortugas are noteworthy for 
trans-Gulf migrations of land birds passing seasonally to and from North America, 
South America, and the Caribbean. The islands afford stopping (resting) places for 
large numbers of these, particularly when unfavorable weather overtakes the migrating 
birds. Thousands of individuals of many species sometimes crowd the surfaces of the 
land. 


Adult Sooty Terns winter offshore in the Gulf of Mexico. Juvenile birds, in their 
first autumn, perform a trans-Atlantic migration to wintering grounds off the west coast 
of Africa. At the Dry Tortugas, Sooty Terns begin to gather for breeding shortly before 
January and numbers increase steadily until early March, when the birds begin landing 
preparatory to nesting. Currently, the number of breeding pairs is 35,000 to 40,000 and 
non-breeding birds present bring the total number of individuals to considerably more 
than this number (W. B. Robertson, pers. comm. 1989, Everglades National Park). By 
May, egg-laying is well under way and the nesting-area grounds are crowded with 
walking, courting, and nesting birds. By the end of June, adults and fledged young 
begin leaving the Dry Tortugas; some remain until late August. 


During the nesting period, Sooty Terns on Bush Key (the only island currently 
nested on) forage widely offshore. Distances of 81 km (44 nmi) are not unusual, and in 


310 


Birds 


bad weather, distances as great as 240 km (130 nmi) have been noted (W. B. Robertson, 
pers. comm. 1989}. The terns follow schools of gamefish and scize the small fish 
frightened into leaping from the water; they also feed upon flyingfish. Sooty Terns 
plunge-dive into the water far less than most terns; rather, while flying, they pluck prey 
from the water. There are important factors for consideration with respect to oil 
pollution of nesting or foraging areas. The fact that Sooty Terns plunge-dive infre- 
quently during foraging would reduce the danger of oiling their plumage. But this 
factor is probably not important because their prey (¢.g., small fish and squid) plucked 
from near the surface would presumably be inhibited by oil-covered water. Of impor- 
tance in the event of oiling of waters near the colony would be whether the birds would 
shift to oil-free foraging areas. Other areas might not be as productive of the con- 
siderable food they require during breeding, and such areas might be too far to te 
energetically feasible (i.c., the birds might have to fly too far to get food and return). 


Sooty Terns nest on the ground in “scrapes” excavated in the sand; nesting snace is 
at a premium in the crowded colony and numbers of scrapes are found very clo»: to the 
edge of the high-tide mark. Oil washed onto the sandy shore or onto the sand above 
the high-tide line by winds and waves would be picked up on the feet and plumage of 
adults as they walk through the colony or on the beach. There is the potential then for 
oiling of adults as well as eggs, incubating young, and ambulatory young. Young arc 
ambulatory after about 10 days, and move about on the ground until they are 8 to 10 
weeks of age, when they begin flying (Robertson 1978); during this period, the likeli- 
hood of becoming oiled from polluted beaches would be great. There is another 
potential for oiling of young. During the warm afternoons, incubating Sooty Terns fly 
out over the lagoon and dip their belly and breast plumage in the water; then they 
return to incubate. Dinsmore (1972) suggested that this is a way of reducing egg 
temperatures. Since this is probably population-wide behavior, oil on the lagoon waters 
during incubation time (mid to late spring) could result in serious consequences. Fritts 
et al. (1983) raised the concern that the terns could be affected both directly by oiling 
and indirectly by mortality of their prey organisms; thus, the food web for the Dry 
Tortugas population itself could be prejudiced. 


Brown Noddies, several hundred to a few thousand, nest annually on Bush Key. 
These terns build nests in bushes, cacti, and trees. Nests are thus scattered throughout 
the Sooty Tern colony and elsewhere on Bush Key. When foraging during the breeding 
season, these terns range less widely over the ocean, as much as one half of the foraging 
being within the atoll itself (W. B. Robertson, pers. comm. 1989). They also forage 
eastward as far as Rebecca Shoals. As with the Sooty Terns, this tern seldom plunge- 
dives, and does not wet its plumage. Noddies gather their nesting material about Bush 
Key. Oil-encrusted branchlets, seaweed, and picces of ocean detritus which are utilized 
in nesting would result in eggs, young, and adults becoming oiled directly from their 
nests. 


Small numbers of other species of terns breed at the Dry Tortugas. The Least Tern 
(Sterna antillarum) nests erratically on the ground on both low and high elevation keys 
(Woolfenden and Robertson 1974). The Roseate Tern (S. dougailii) has been recorded 
nesting. Both species are listed as Threatened (FGFWFC 1989, see Table 9.1). A few 
Black Noddies (Anous minutus) are present each season but have not been discovered 
nesting. All of these terns forage within the atoll and offshore; they plunge-dive for 
food. The potential for mortality of adults, eggs, and young from oil in the immediate 
or offshore environment is obvious. 


Of particular interest is the Magnificent Frigatebird (Fregata magnificens). A 


lation of this large pelecaniform species is usually found around Garden and Bush 
ine ond elsewhere about the Dry Tortugas. Frigatebirds are kieptoparasites. They 
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harass terns as they fly to their nests; the food terns carry is then disgorgcd in flight and 
seized by the frigatebirds. Frigaictirds are also purported to scize young terns within 
the ternery. Frigatebirds range widely over the cxpanse of water from the mainiand to 
the Dry Tortugas, fecding upon fiyingfish and frightened baitfish that break the surface. 
Prior to 1988, the only known nesting site of the Magnificent Frigate within the 
continental U.S. was at the Marquesas Keys to the cast. It no longer nests there. For 
two years (1988 and 1989), about 25 pairs of frigatcbirds have nested on Bush and 
Loggerhead Kevs (W. B. Robertson, pers. comm. 1989). Oil could affect many specics 
of birds, particularly small shorebirds, terns, etc; those weakened by oiled plumage (c.g., 
injured, struggling, or weakly fiving birds) would be casy prey for frigatebirds, which 
would become viled themselves and ingest the oil. 


Double-crested Cormorants (Phalacrocorax auritus) and Red-breasted Mergansers 
(Mergus serrator) are found about the Dry Tortugas; the cormorants, year-round, and the 
mergansers, in winter. Both of these piscivores pursue their prey underwater. Both 
species, then, are at a particular peril in oiled waters. The cntire population of 
cormorants at the Dry Tortugas was once climinated when oil from a stranded freighicr 
(Clark 1984) drified into the aioll (W. B. Robertson, pers. comm. 1989). Another 
pelecaniform, the pelagic Masked Booby (Su/a dactylarra), is currently breeding, to the 
extent of five or six nests on Hospital Key (W. B. Robertson, pers. comm. 1989). Like 
all boobies, this specics plunge-dives and may swim submerged after its prey. Oiled 
waters would certainly inhibit its activitics. This booby ncsts on isolated keys through- 
out much of the Caribbean and Gulf of Mexico; but nowhere else along the Atlantic 
seaboard does it nest in the continental U.S. 


Beaches of the Dry Tortugas are thronged both spring and fall with flocks of mixed 
species of sandpipers (Scolopacidac) and plovers (Charadriidac) passing to and from 
wintering arcas to the south and nesting grounds in the North American prairics, 
tundra, etc. Fewer than about S00 of these, chicfly Black-bellied Plovers (Pluvialis 
squatarola), Willets (Catoptrophorus semipaimatus), Ruddy Turnstones (Arenana 
interpres), and Sanderlings (Calidris alba), winter at the atoll. These specics forage on 
small invertebrates along the beach and the beach/watcr inicrface (littoral zone), and 
thus are intolcrant of oil-soaked sand. 


The Dry Tortugas figure prominently in the natural history of a number of raptors 
(birds of prey) in their twice-vearly migrations. The Arctic subspecics of the Peregrine 
Falcon (Falco peregrinus tundrius), a Threatened (USFWS) and Endangered (FGFWFC) 
species, uses the Dry Tortugas as a stopping/foraging place between its South/Central 
American/Gulf Coast wintering arcas and the castern North American/Grecniand nesting 
grounds. Between the 15th of September and end of October, as many as 300 of these 
falcons pause here, chiefly on Loggerhead Key (T. Smylic, pers. comm. 1989, USFWS, 
Albuquerque, NM). How critical an area it is w these birds is emphasized by Smylic’s 
sightings of as many as 30 of the falcons at a time on this island of approximatcly 
12 ha. The falcons perch atop the Key's tall casuarina trees and, when sighting 
passerines and other birds migrating past, launch forth, stoop at the prey and cither 
knock or force it into the water, then circle and pick up the bird. Plumages of predator 
and prey alike could become oiled. Three hundred of these falcons are, no doubt, an 


important componer.i of the subspecies’ qntire population. 


Numbers of Merlins (Falco columbarius) pause at the Dry Tortugas in migration. 
Merlins, just as the larger falcons, feed on migrating small birds. Hundreds of 
Sharp-shinned Hawks (Accipiter striatus) accompany the migration of their prey, small 
passerines, to the Dry Tortugas; these too could be subject to oiling. Other raptors 
(¢.g., Northern Harriers [Circus cyaneus| and Short-eared Owls |Asio flammeus}) reach 
the Dry Tortugas in migration. 
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In summary, it scems cicar that oil pollution affecting the Dry Tortugas could, 
depending upon the time of spill, joopardize breeding populations, wintcring popula- 
tions, and migrating populations of a spectrum of species with both marine and 
terrestrial affinitics. Individual birds raised here comc back to ncst. Mass mortality of 
terns at Bush Key would be a tragedy. An oil spill here would also severely affect 
ongoing studics critical to an understanding of the biology of the tcrns. 

W. B. Robertson, Jr. and his associatcs have been gathcring data on the Dry Tortugas 
terneries for more than 25 years, and trends now beginning to be perceived could be 
obscured. Equally scrious would be the possible cffects upon the many raptors present 
in fall, winter, and spring. The reproductive cfforts of these birds which ncst hundreds 
or thousands of kilometers away could be affected. Moreover, substances with unknown 
effects could be introduced into both marine and terrestrial food webs. 


SPECIES IN CATEGORIES OF CONCERN 


Section 7 of the Endangered Species Act of 1973 stipulates that Federal agencics 
“plan their projects so as not to disrupt Endangered and Threatened species or their 
Critical Habitats" (sce Reed and Drabelie 1984). The spirit of this provision should 
dictate close consideration to any Icasing of government lands for oil and gas explora- 
tion and development offshore South Florida. 


Inventory of the Endangered. Threatened, and otherwise designated Species of 
Concern within the study area will focus attention not only on individual species and 
groups of species but will identify Critical Habitats as well. Four species found within 
the study area are currently designated Endangered (“in danger of extinction throughout 
all or significant part of its range") (sce Table 9.1): 
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A Threatened Species is one “likcly to become an Endangered species over a 
significant part of its range within the foreseeable future” (Reed and Drabelle 1984). 
Species designated Threatened within the study area are as follows (sce Table 9.1): 


Arctic Peregrine Falcon 

Bald Eagle 

Florida Sandhill Crane 

Least Tern 

Piping Plover 

Roseate Tern 

Southeastern Snowy Plover 
Southeastern American Kestrel 
White-crowned Pigeon 


Species of Special Concern are so designated by the states in which they occur. 
This designation calls attention to unfavorable regional factors or regional reductions in 
numbers of a species. They may also be species whose status in Florida has a potential 
impact on Endangered or Threatened populations or on o-her species outside the State. 
Species of Special Concern found within the study area are as follows (sce Table 9.1): 
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Table 9.1. Birds within the study area designated under official categories of 
concern (From: Florida Game and Fresh Water Fish Commission 1989). 


Category of Concern* 
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Convention on international Trade in Endangered Species. 


a bird of freshwater habitats and enters the study area infrequently. 
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(sce Table 9.1): 


Finally, the Convention on International Trade in Endangered Species of Wild 


Fauna and Flora (CITES) maintains listings of species comsidered Threatened by being 
objects of internationai trade. (The Endangered Species Act applics only to persons 
under jurisdiction of the U.S. Persons of all the signing nations of this Convention, 
designations / and // are based on the magnitude of threat to the species, with / 
representing the greatest threat. CITES has the following current listings of species 


found within the study area (see Table 9.1): 


nearly 90 nations, are under the jurisdiction of the signatory nations). “Schedule” 
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a single food web with innumerable interconnecting food chains. The 
species in Categories of Concern. 


* places of activity as well as the activities themselves can be correlatcd with what 
may identify as very generalized habitats. Habitats are points of first consideration 
the 


as 
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The summary of species listed in Table 9.1 is a long list--27 species (the two Kesirel 
? Initially, one can say that all are parts of a single ecosysiem, the fauna of 


subspecies are counted here as separate entitics). Few continental areas of comparable 


316 


Birds 


Six species of long-icgged wading birds (Little Blue Heron, Reddish Egret, Roscate 
Spoonbill, Snowy Egret, Tricolored Heron, and Wood Stork) forage in wadable parts of 
the study area: Florida Bay, the Southwest Florida coast, and the Florida Keys to the 
Marquesas and the Dry Tortugas; and variably, in brackish and even freshwater wetlands 
inland of the marine ecosysiem. Because their major food is fish as well as other 
aquatic organisms of these areas, these “wadabic arcas” can be calicd, albeu from a 
simplistic standpoint, Critical Habitat. 


If one considers the prey fish of the study area, one can add to the above six specics 
five additional fish-cating birds: the Brown Pelican, Osprey, Bald Eagle, and Roscatc 
and Least Terns. Eleven specics in Categorics of Concern, then, forage in Florida Bay 
and its adjoining inshore waters. We can thus call the expanded aquatic area a Critical 
Habitat and the fish therein can be identified as a Critical Resource for avian species in 
Categories of Concern. 


The mangrove forests also stand out as Critical Habitat, not only from trophically 
furnishing the starting point of food webs, but also as affording nesting and foraging 
Opportunities for many specics. In addition to the wading birds and the other fish- 
cating birds mentioned above (excluding the terns) at Jeast six species that are in large 
part dependent upon terrestrial resources may be added to the list of mangrove- 
oriented birds of concern. These are the American Swallow-tailed Kite, Arctic Peregrine 
Falcon, Eastern American Kestrel, Mangrove Clapper Rail, Merlin, and White-crowned 
Pigeon. Over half of these birds are fish-foragers, and about haif are diurnal birds of 
prey. The Osprey and Bald Eagle have been listed as occupying an expanded aquatic 
habitat and exploiting the same critical resource, the fish of the Arcas of Concern. In 
the event of extensive avian mortality from whatever sources of pollution, sickened and 
dying birds probably would be harvested by birds of prey, including ihe Bald Eagle. 


Another category involves five specics which have as primary habitat the sandy 
beaches and exposed tidal flats. The American Oysicrcatcher, Least Tern, Piping Plover, 
Roseate Tern, and Southeastcrn Snowy Plover are birds of this category. 


Other species on the list of those in Categories of Concern include three specialized 
species with restricted habitats. The Burrowing Owl is an entircly terrestrial predator, 
foraging Over open ground and requiring a depth of soil for its burrows. The Florida 
Sandhill Crane nests at the interface of freshwatcr and mangroves along the Southwest 
Florida coast. The Cape Sable Scaside Sparrow now breeds only at inland freshwater 
habitats. 


Clearly, if the species in Categories of Concern are to be successfully managed, the 
following areas must be maintained as viable coos stems: (1) the waters of Florida Bay 
and contiguous inshore waters, as well as brackish as critical freshwater habiiats 
immediately inland; (2) the coastal and inshore waters along the Florida Keys to and 
including Key West, the Marquesas Keys, and the waters around the Dry Tortugas; 

(3) the waters of the Southwest Florida coast and the Ten Thousand Islands and 
contiguous waters, (4) sandy beaches and tidal flats, and (5) the mangrove forests. 
These ecosystems constitute much of the study arca. 


37 


Birds 


INTRODUCTION TO THE BIRD GROUPS 


Profiles of bird species are presenicd in Appendix B. Someone secking information 
about birds occurring within the study arca should find within the individual profiles the 
basic information about cach species. References included in the profiles can be 
consulted for additienal information. Here, general information ts presented by taxa 
within three categor:cs: pelagic birds, coastal birds, and land birds. Pelagic birds are 
specics that, except when ncsting, pass their lives at sca, usually far from land. The 
coastal bird group includes a varicty of taxa that are associated with coastal marine or 
brackish water habitats. Land birds are specics that, typically, are not modified for 
aquatic life. They live largely or entirely on land. Those that entcr the study areca are 
more of less influenced by the nearby, often surrounding, marine ccosysicms. 


A bricf discussion of terminology is in order. The following designations are widcly 
used in describing scasonal occurrence (sce ¢.g., Wallace and Mahan 1975): 


@ Permanent Resident. Specics present the year-round within a given locality. 
Only some part of a specics’ population may be permanenily resident; that part 
usually breeds. Another portion of the population may be migratory. Example. 
many heron specics have a permanently resident population within an arca and 
breed there. Their numbers are augmented in winter by migrants from clsc- 
where but these migrants do not breed in the arca. 


@ Winter Resident. Present only in winter. Such birds usually do not breed in 


the arca. 
S Summer Resident. Specics that are present only in summer; this is usually their 


reproductive scason.' This may not be the case with pelagic birds that breed in 
the Southern Hemisphere in their summer and spend their “winter” in the 
Northern Hemisphere summer. 


@ Migratory Visitor. Specics present only while passing through the study arca in 
fall (about August to October) or spring (about March to May) or during both 
these periods. 


@ Casual Visitor. Individuals or numbers of individuals of a species present only 
occasionally and often with irregularity. 


8 Accidental Visitor. Occurrence unexpected and not predictable. Caution must be 
used in applying this designation. With species whose ranges are poorly known, 
as is the case with many pelagic birds, this designation may not accurately 
portray the situation. Aiso, with respect to changing ranges, first records may 
be called Accidental Visitors; later, as birds become more common, this 
designation will change. 


‘ season” is a term scasonally welldefined in the Temperate Zone. It is pot at well defined im 
the subtropics and tropics, where some specics may breed over able penods of time, often such 
extended breeding scasons will have one or more “pulses” of major breeding. Some water turds of the study 
area. ¢g., the Double-cresied Cormorant (Phalacrocorar aurntus), can be found breeding im any month, but 
there are times when major nembers breed. 
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South Florida birds can also be grouped by their ecological habitats. Three major 
zones are recognized: 


@ Intertidal Zone. The area lying between mean low and high tides. 


@ Inshore Zone. From the lower edge of the intertidal zone to about & km 
(4.3 nmi) from shore. 


@ Offshore Zone. From about 8 km (4.3 nmi) offshore to the continentai shelf 
edge (200 m depth). Found here are species that (1) return to land at night; 
and (2) enter the arca from the pelagic zone and, except when breeding, are 
independent of land. 


When considering oil pollution, it is important to know how birds forage. Specics 
foraging while swimming submerged are at greatest risk in oiled waters as are those that 
plunge from the surface to depth. Those that swim at the surface while foraging or 
while resting/sleeping are at considerable risk. Less risk should be faced by those 
species that pluck or skim from the surface. Wading birds can be vulnerable to oiling. 
Those walking/running along oiled beaches and tidal flats face great risk. Foraging birds 
in Oiled marshes are st risk. Scavengers ingesting oiled carcasses may suffer sublethai 
afteretiects or be killed. Reactions of birds at initial encounter with oil are not known. 
lt is also unknown whether nocturnal foragers such as night-herons and skimmers face 
greater risk than diurnal foragers. The following is a summary of the many ways in 
which birds may be adapted to forage (see Ashmole 1971). 


@ Forage underwater (submerged) while swimming. 


@ Plunge from air into water--shallow plunging or deep plunging which is usually 
terminatcd by swimming. 


@ Forage while swimming on surface--reach to bottom for food; filter material 


from water with bill; scoop or pick food from surface. 


Forage from surface while in Might--skim surface with bill; pluck from surface. 


i ile wadi walking. 


@ Forage in mangroves (not from intertidal zone waters)--forage from bark or 
twigs; glean from leaves, “flycatch” within and above canopy, forage above 
canopy while in rapid flight. 


BS Forage as predators or robbers (kieptoparasites) of other birds. 
@ Scavenge upon dead aniuals, refuse, cic. 
PELAGIC BIRDS 


Pelagic birds, except when nesting, pass their lives at sea, usually far from land. 
Foraging methods are an important consideration with respect to oil-contaminated 
water. 


Except for the large numbers of Sooty and Noddy Terns and the few Masked 
Boobies which also breed at the Dry Tortugas, none of the species of pelagic birds 
occurring in the study arca breed in this area; a very few species breed nearby. While 
most occur well offshore and can be expected to occur only in the outer fringes of the 
Study areca, some do enter inshore waters and even the larger bays. The scasonai 
distribution patterns of many pelagic birds are not well known (this ts emphatically the 
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case for the offshore zone within the study area). Few of the species can be found in 
the study area year-round. Large populations of many specics move northward and/or 
southward during migration, offshore of the perinsula; the scasonal “pulses” of thesc 
movements are imperfectly known. A few species wander into the area with regularity 
or irregularity. Some have been scarcely recorded in Florida's offshore waters but may 
occur with greatcr regularity than ts realized. 


In varying degree, depending upon their habits, pelagic birds are particularly 
vulnerable to oii in their environment. Mortality from oil has been scarcely appreciated 
because “a large fraction of the total mortality may remain unmeasured” (Ford ct al. 
1987). Carcasses are not necessarily washed ashore; many may sink or are eaten, as may 
the live birds themselves when flight becomes impeded. To what extent do the various 
Species respond to floating oil? We seem to know no more about this now than 
Bourne (1970), who wrote that birds “most ofien become polluted because, when 
encountering oil, they simply fail to recognize it as a hazard.“ 


Of particular concern are those pelagic birds (c.g., phalaropes) that gather on the 
sea to forage. Also of concern are the migrating pelagic birds, numbers of which may 
pass offshore. If the birds shift their foraging arcas and/or aquatic resting areas before 
becoming oiled, mortality will be mitigated. Another consideration ts ingested oil, about 
which little is known. Birds ingest oil from preening and cating oiled prey. Controlled 
experiments, albeit with birds of very different taxa from pelagic ones, give results that 
are difficult to interpret (Clark 1984), but there exists the potential for reproduction 
impediments. Among breeding pelagic birds, compromised reproduction may occur in 
birds breeding not only nearby, but those breeding thousands of kilometers away, and in 
the Southern as well as the Northern Hemispheres. Consequently, unknown factors may 
be introduced into food webs of nearby and remote ccosystems. 


With respect to the occurrences of pelagic species, one cannot exactly separate the 
Straits of Florida and the Eastern Gulf of Mexico Planning Arcas. By and large, these 
species will appear mainly in the areas offshore of the 100-m depth contour. Some of 
the species oricnt themselves with respect to the warm Florida Current/Gulf Stream and, 
inshore from it, the cooler southward flowing countercurrent. But birds may move 
inshore of this, and those species that find their way around the peninsula to the Gull 
of Mexico, may well pass not far offshore of the Florida Keys, and even penctratc 
Florida Bay and pass close enough to Cape Romano to be seen from the shore. 
Indication of where individual species can be expected to occur, if known, will be given 


in the species profiles (Appendix B). 


Species of pelagic birds known to occur in the study area are listed in Table 9.2. 
Discussions of major taxa under this heading are presented below. 


Shearwaters, Petrels, and Storm-Petrels (Order Procelilariiformes) 


The Proceilariiformes are “the most marine of all living birds" (Palmer 196.). All 
of the nearly 100 species are pelagic. All must come to land to nest, usuaily o7, 
predator-free oceanic or offshore islands, headlands, or mountain cliffs. Breediag is 
usually colonial. One egg is laid cither in a crevice or burrow, on bare ground, or, 
uncommonly on a mound of scraped-up dirt. Breeding birds, depending upon the 
species, forage at varying distances offshore. Prey items include organisms found at or 
near the surtace (c.g., fish, cephalopods, and crustaceans). After breeding, adults and 
fledged young of many species disperse, often over vast areas; some have pronounced 
seasonal migrations, with some being inter-hemispheric. Dispersers and migrants move 
10 take advantage of favorable foraging within water masses of the oceans. 
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Table 9.2. Pelagic birds known to occur in the study area. 


Category of 
Species Seasonality * Primary Habrtat(s) Foraging Concern 
SHEARWATERS AND PETRELS 
Audubon s Shearwater CV Offshore and less Feeds at surface and 
(Puftinus thermimeri) All months commonly inshore shaliow-dives from fight 
wy bh oy a MV Offshore and less Swimming at surface. 
tris Giomedea) commonly inshore seldom dives 
Greate: Shearwater My Offshore and less Plunge-dives. pursues 
(Puffinus gravis) May-Jun commonly mshore prey underwater 
Manx Shearwater AV Offshore and less Plunge dives. pursues 
(Puftinus puffinus) Winter commeniy mshore prey uncerwater 
Sooty Shearwater My Offshore and less Plunge dives. pursues 
(Pufinus griseus) May-Jun commonly mshore prey underwater 
Black-c Petre Cv Offshore and less Seizes trom surface 
hasitata) Ary month commonly inshore while in fight 
Bulwer's Petre! AV Offshore and less Seizes trom surface 
(Butweria bulwern) May commonly inshore while in thght 
STORM-PETRELS 
Band rumped Storm-Petrel Cv Offshore anc less Whule fluttering 
(Oceanodroma castro) commonly inshore above surface 
Leach's Storm-Petrel CV Offshore and less While fluttering 
(Oceanodroma leucorhoa) Oct-May commonly inshore above surface 
Wilson's Storm-Petre! MV Offshore and tess While fluttering 
(Oceartes oceanicus) May Oct commonly inshore above surtace 
TROPICBIRDS 
Red billed Tropicbud AV Offshore Plunge-diwes, ingests prey 
(Phaethon aethereus) Any month betore surfacing of while swimming 
White tasied Troprcbwd CV Offshore and inshore Plunge dwes ingests prey 
(Pheaethon lepturus) Any month betore suffacing of while swimming 
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Table 9.2 (Continued) 


Category ot 
Species Seasonaiity® Prmary Hatrtat(s) Foraging Conceimn 


BOOBIES AND GANNETS 


Brown Booby PR CMshore trequently Plunge dives, pursues 
(Sula leucogaster) whore prey underwater 
Masked Booby PR Offshore inshore Plunge dwves. pursues 
(Sula dactylstra) breeds Dry Tortugas pre y underwater 
Red-footed Booby CV OMshore. less commonly Plur ge dives. pursues 
(Sula sula) Any month inshore prey underwater 
Northern Gannet WR Offshore trequently Plun je dives pursues 
(Sula bassanus) Dec May mMshore prey underwater 
o PHALAROPES 
t¥ 
te Red Phalarope Mv Oftshore less Witwie saumming 
(Phalaropus filn aria) Oct Mar commonly inshore 
infrequently Wtoral 
Red-ne-ked Pralarope My OMshore less Vitule sawmming 
(Phalaropus lobatus) Oct-Mar commonly inshore 
imfroquently Moral 
Wilson's Phalarope MV Aug Oct Freshwater and Walbing swimming picks 
(Phalaropus tricolor) and Mar-Jun Marine iiftoral from surface probes m mud 


JAEGERS AND SKUAS 


Long-tailed Jaeger Cy OMshore rarely inshore Pices trom surface 
(Stercorarius jongicaudus) Novw-May bieptuparasite of seabirds 

Parasitic Jaeger Mi’ Offshore, inshore Pics trom surface 
(Stercurarius Parasitic is) Nov May bleptoparasite of seabirds 

Pomarine Jaeger Mv. “Htshore myhore +s trom surface 
(Sfercorarus pomearrws) Nov May blepioperasite of seabirds 


Great Stua UV Ctishore rarely iMshMore P)-ks trom surface 
(Catharacta shina) Any ™montt biopt parasite of seabirds 


ect 


Table 9.2. (Continued). 


Category of 


Species Seasonality* Prumary Habrtat(s) Foraging Concern 

GULLS 
Black-legged Kittwake CV Offshore, inshore Dips-to-surface. 

(Rissa trdactyla) Oct-Apr plunge dives 
Sabine's Gull CV Offshore, inshore Picks trom water 

(ema sabini) Aug while in tight 
TERNS 
Arctic Tern MV Offshore, less Plunge dives 

(Sterna paradisaea) frequently inshore 
Black Noddy SR. not known in summer, Dry While in fight, 

(Anous minutus) to breed Tortugas plucks prey from surface 

seidom plunge-dives 

Bridied Tern CV Offshore. less Hovers and dips 

(Sterna anaethetus) frequently inshore 
Brown ] SR Nests Dry Tortugas While in flight, 

nous statics) Jan-Aug offshore, inshore plucks prey from surface 

Tern SR Nests Dry T While in flight, 
(Sterna fuscata) Breeds Jan-Aug inshore, offshore plucks prey from surface 


seldom plunge-dives 


* AV = Accidental Visitor; CV = Casual Visitor; MV = Migratory Visitor; PR = Permanent Resident, SR = Summer Resident, WR = Winter Resident 


Birds 


All these species are predators, most being at or near the apices of food webs. 
They are long-lived, a characteristic typical of pelagic birds. However, because of their 
low reproductive rate (i.c., onc young per year), any out-of-the-ordinary mortality could 
have serious effects on population densitics and colony inicgrities. Species of two 
familics of this order are represented in the study areca. 


Shearwaters and Petrels (Family Proceilariidae) 


This is the largest family of procellariids, containing more than SO specics of 
medium to large-sized (22 to 72 cm in length) shearwaters and petrels. The birds 
forage over the open oceans of the world, flapping and gliding close to the water. 

Many snatch prey from the water's surface; some dive and pursue prey underwater; and 
a few follow whale pods and ships for prey that may be exposed, and for refuse and 
offal. Individuals, as well as small and large-sized flocks, rest on the water. Foraging in 
some is crepuscular and nocturnal; in others, it is diurnal. Seven species of shearwaters 
and petrels reach the study arca (Table 9.2). 


Audubon's Shearwater (Puffinus therminieri) frequents tropical seas including those 
(Atlantic and Gulf of Mexico) bordering peninsular Florida. The birds nest near 
Florida--Cay Sal Bank, islands offshore Cuba, the Bahamas, etc.. from November to July. 
Cay Sal Bank is 250 km (135 nmi) from the Dry Tortugas and only about 80 km 
(43 nmi) from the cdge of the study area opposite Marathon. After breeding, popula- 
tions disperse widely, but no pronounced migrations have becn discerned. Birds secn 
regularly off Florida are those foraging from nearby breeding concentrations as well as 
the post-breeding dispersants. Foraging is by day and night, singly or in small groups. 
Th birds spend much time on the water and dive freely. They tend to concentrate at 
upwellings or strong currents (Palmer 1962). This is the most abundant species of 
proceilariid offshore Florida year-round; individuals enter Florida Bay and other large 
inshore waters. They are vulnerable to oil in the environment, and any considcrabic 
mortality would probably be reflected in the numbers present at neighboring breeding 
areas (¢.g., Cay Sal Bank). 


Cory's Shearwater (Caloneciis diomedea) nests on islands of the eastern Atlantic 
and the Mediterr’ncan. From late summer through fall, numbers frequent the western 
Atlantic and the Gulf of Mexico, thus appearing offshore along coasts of the entire 
Florida peninsula. The species occurs from the outer limits of both the Straits of 
Florida and Eastern Gulf of Mexico Planning Arcas to points close offshore. The late 
Al Pflueger encountered “flocks” offshore from Miami south along Key Largo during fall 
(A. Pfleuger, pers. comm. 1961); he collected specimens “four miles cast of Tavernicr, 
Key Largo" on 6 October 1961 (two of these specimens are in the University of Miami 
reference collections). Actual abundance of Cory's Shearwater offshore South Florida is 
not known, but it is apparently common at times. Hancy and McGillivary (1985) found 
these shearwaters to be the dominant scabird off the Atlantic coast of northern Florida 
in July and October. These birds were congregated at thermal fronts of the Gulf 
Stream where vertical transport episodically brings organisms to the surface. This 
shearwater, a largely nocturnal forager, picks up squid and small fish from the surface 
(Watson 1966). Cory's Shearwater dives less than other shearwaters. It is seasonally 
and locally vulnerable to oil in offshore areas. Clapp ct ai. (1982) reported that in 
pelagic areas, the species may roost on the water in “immense rafts.” Certainly such 
flocks would be extremely vulnerable to floating oil. Fritts et al. (1983) considered 
potential effects of coastal or offshore oil spills for this species as severe. 


Two inter-hemispheric migrants, the Greater Shearwater (Puffinus gravis) and the 
Seoty Shearwater (P. griseus), occur offshore Florida. The former nests at the Tristan 
da Cunha Islands (South Atlantic); the latter, on subantarctic islands. Migrating 
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al. 1982). The Greater Shearwater is thought to occur in the larger numbers. Numbcrs 
of the Sooty, however, must be considerable at certain times; farther north than Florida 
“thousands of dead Sooty Shearwaicrs have been recorded washing ashore after storms" 
(Terres 1980). Both species are predominantly nocturnal in foraging; both dive and 

pursue prey underwater; and both are vulnerable to offshore oil. Large numbers could 
be affected by floating masses of oil. 


Two additional proceliariids reach Florida's offshore waters, possibly as Casual 
Visitors. The Manx (Common) Shearwater (Puffinus puffinus), after breeding on islands 
offshore northern U.S. and Europe, moves southward in the Atlantic as far as Florida. 
Excellent swimmers and divers, they rest on the surface in flocks. The Black-capped 
Petrel (Prerodroma hasitata), a species much reduced in numbers (Greenway 1967), 
breeds On mountaintops (¢.g., in Cuba and Hispaniola), frequenting the Caribbean and 
adjacent waters of the Atlantic, particularly the warm sides of subtropical convergences. 
Lee (1986) reported the petrel relatively common all year off North Carolina. Breedin 
season of this petrel is from April to August (Greenway 1967). According to Haney 
(1986b), the species is most abundant between 32° and 33°N where wide meanderings 
of the Gulf Stream produce maximum numbers of upwellings. 


The first North American record (hypothetical in absence of a photograph or a 
specimen) for Bulwer’s Petrel (Bulweria bulweri) is from Rebecca Passage between the 
Marquesas Keys and the Dry Tortugas (Taylor 1972). In the Atlantic, this species 
breeds on Cape Verde and Madeira Islands; it migrates regularly southwest toward the 
New World continents. Alt present, the species can only be listed as an Accidental 
Visitor. 


Storm-Petreis (Family Hydrobatidae) 


Storm-Petrels are the smallest of the Procellariiformes, some being scarcely larger 
than swallows. Pelagic, the species all range far over the oceans. They breed on islands 
or isolated land masses, nesting in burrows or crevices. Afier breeding, the species 
either disperse from the nesting areas or perform intcr-hemispheric migrations ranging 
far over the oceans. Storm-Petrels typically feed by hovering over the water, using 
“foot-patiering” and “wing-lift" to keep aloft. Birds often settle on the sca in groups, 
numbering in the hundreds. Small fish, crustaceans, and planktonic organisms of many 
kinds as well as refuse on ‘he ocean surface, are taken. According to Hancy (1986a,b), 
Storm-Petrels occur off the coast of the southeasti:rn US. wien Guilf-Sircam oddics are 
numerous, these eddies cause upwellings which contain abuncances of food. Few 
Storm-Petrels occur from June to September when eddics are jess frequent. 


Three species of Storm-Petrels can be encownicred in offshore Florida waters 
(Table 9.2). Leach's Storm-Petrel (Oceanodrome leucorhoa) breeds from Massachusetts 
northeastward to locland, Scotland, and Norway. Afficr breeding, the species ranges ai 
sea to the West Indics, the Caribbean, offshore Ejorida, and the Guif of Mexico. Ii 
occurs casually within offshore portions of the study arca. Wilson's Storm-Petrel 
(Oceanues sceanicus) breeds circumpolarly on subantarctic lands. Post-breeding 
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to July, less commonly into fall, occurrence can be expected within the study arca. not 
only offshore but occasionally within Biscayne Bay, for cxample (Howell 1932). The 
Band-rumped Storm-Petrel (Oceanodroma castro) has been recorded from Key West. 
Upper Matecumbe Key, and offshore Florida localitics from the Gulf of Mexico to the 
Atlantic and outside the study arca (Sykes et al. 1984). This tropical Storm-Peirel may 
be more common in Florida waters than is now realized. 


singly or in pairs long distances from land. This is a Casual Visitor to the southern 


fish, cephalopods, and crustacea which thcy swallow while submerged or at the surface. 
Nesting situations are variable: burrows, caves, crevices, undcr bushes, cic. Dangers of 
serious mortality from oiling are mitigated because the specics is casual in occurrence 


This family consists of boobics, which are entirely tropical in distribution, and 
gannets, which breed on inaccessible cliffs above cold, temperate zone waters. Three 
boobies and one gannct occur in the study arca (Table 9.2). All sulids dive for their 
prey (c.g. fishes, cephalopods, gad crustaccans), from heights of 16 m and more, they 
pursue prey for some distance underwaicr. Flocks of the birds, particularly gannets, 


often gather where foraging is good. 


Three 

the Brown Booby (S. /eucogaster), and the Red-footed Booby (S. sula). The first is 
currently nesting at the Dry Tortugas (sce Clapp and Robertson 1986 and the Dry 
Tortugas section in this chapter). The Brown formerly bred at the Dry Tortugas 
(Howell 1932). The Red-footed Booby breeds in the Greater and Lesser Antilles and is 
a vagrant to both coasts of Florida (Watson 1966) where it can occur in the study arca. 
These boobies currently breed at many ts around the Caribbean and occur casually 
within the study arca. Brown Boobies tly can be seen at the iighthouse marker 
at Rebecca Shoals. All dive for food and rest on the water. All represent a unique 


clement of the tropical avifauna, the tropical marine pelagic species. 


i 
‘ 
7 
: 
7 
: 


Stream. writer has watched smal! flocks (as many as 25 to \) birds) moving 
offshore in botn the Allantic and Guif of Mexico. Because gannets and boobics plunge 


Birds 


Phalaropes (Order Charadriiformes, Family Scolopacidae: 
Phalaropodinae) 


Phalaropes are robin-sized, sandpiper-like birds when ashore, but are swimming 
birds when olfshore and in the open sea. Three species occur in the study arca 
(Table 9.2). 


All three species, Wilson's Phalarepe ¢Phalaropus tmcolor), the Red-necked 
Phalarope (P. lobatus), and the Ked Phalarope (P. fulicaria), breed in the Northern 
Hemisphere. The latter two breed circumpolarly at high latitudes. Wilson’s Phalarope, 
which is essentially freshwater at all seasons, breeds on North American prairies and 
migrates south through the Flonda peninsula. All three species spend winter in the 
Southern Hemisphere. Both the Red-necked and Red Phalaropes are found littorally, as 
well as offshore; University of Miami reference collections contain specimens of both 
species from marine littoral situations, and contain several specimens of the Red-necked 
Phalarop. taken in October “offshore.” The late A. Pflueger (pers. comm. 1958 to 1961, 
Miami marine fish taxidermist and naturalist) frequently encountered flocks on the water 
close to, but offshore the southern peninsula and the Keys. From satellite-derived 
hydrographic data, Haney (1986b) correlated Phalaropus distribution in fall and winter 
(October to March) with the Gulf Stream’s mid-shelf front, where the birds congregated 
within a 50 km (27 nmi) cross-shelf width. Phalaropes feed on plankton at upwellings, 
feeding while swimming. The birds stir up the macroplankton by swimming in circles. 
Phalaropes associate in flocks while pelagic. They are extremely vulnerable to oil 
offshore. 


Jaegers and Skuas (Order Charadriiformes, Family Laridae: 
Stercorariinae) 


Skuas and jacgars are gull-sized birds and breed circumpolarly. After breeding, 
these Northern Hemisphere birds migrate south, offshore, along the continental 
coastlines. The winter is spent in subtropical tropical oceans, the birds ranging from 
offshore the coastlines to far at sca (sce Table 9.2). 


The Pomarine Jaegar (Sercorarius pomarinus), Parasitic Jaegar (S. parasiticus), and 
Long-tailed Jaegar (S. /ongicaudus) occur irregularly during winter months within the 
study area, from the outer boundaries to the bays, estuarics, and nearshore waters. The 
Long-tailed Jacgar is pelagic to a greater degree than other jacgars and is seen less 
often along coastlines. The Great Skua (Catharacta skua) is regarded as a Casual 
Visitor to Florida offshore waters (AOU 1983). Williams (1965) listed carhier occur- 
rences of jaegers in the Gulf of Mexico, including several records from the study area. 
Because jacgars appear infrequently, and then in small numbe’s, there is little concern 
for them regarding oil in the study areca. 


Gulls (Order Charadriiformes, Family Laridae:Larinae) 


Gulls are mainly birds of inshore coastal waters and continental freshwater habitats. 
Few are active offshore beyond the continental shelf. A very few species are pelagic. 
Two of these are casual or of erratic occurrence offshore Florida from autumn to spring 
(Table 9.2). 


The Black-legged Kittiwake (Rissa iridactyla) breeds circumpolarly. In the Atlantic, 
it nests as far south as Newfoundland and Spain. Aficr breeding, these birds disperse 
over the Atlantic to waters mainly between 60° and 40°N, but small numbers are found 
to about 25° N; vagrants move erratically even farther south (Cramp ct al. 1983). 
Kittiwakes are seen, unpredictably, offshore the Florida peninsula. The University of 
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Miami reference collections contain a specimen trom St. Lucie County, this bird has oil 
on its belly and lower breast. Main prey of the Black-legged Kittiwake are fishes and 
invertebrates. Foraging behaviors include “dipping to surface,” “acral paticring,” and 
“surface-plunging” to about | m depth. Because few kittiwakes are likely to occur in the 
Study area, this species (and also the Sabine’s Gull mentioned below) raiscs little 
concern regarding oil in the study area. 


Sabine’s Gull (Xema sabini) has breeding populations in the Atlantic, in Greenland, 
and in Canada. These populations migrate in August to regions of cool upwellings off 
southern Africa. Return migration begins March through April. During absence from 
the breeding grounds, individuals occur casually offshore castern Florida (Barber and 
Johnson 1976). The species has occurred at the Dry Tortugas (Collie 1978). 


Terns (Order Charadriiformes, Family Laridae:Sterninae) 


The majority of the 43 species of terns inhabit the scacoasts and/or the interior 
marshes and lakes of the continents. Migrations, often over wide expanses of ocean, are 
performed by species nesting at high latitudes. A few terns are pelagic (Table 9.2). 


The Bridled Tern (Sterna anaethetus) is Pan-Tropical. It nests abundantly on islands 
of the Caribbean (c¢.g., the Bahamas; the Lesser and Greater Antilles). It does not nest 
in Florida. In the Bahamas, eggs are laid from mid-April to late June. The birds may 
be seen regularly in offshore Florida waters, and undoubtedly enter the study area 
throughout the year. University of Miami reference collections include specimens from 
the following months: two from Ft. Lauderdale, 31 December and 23 April; two from 
Dade County, 10 September and 10 August; one from 8 km (4.3 nmi) offshore south 
Key Largo, 2 September; and one from the Dry Tortugas, Garden Key, 12 May. 
Buhrman and Hopkins (1978) commented on “surprising” numbers scen on 10 trips 
offshore Pasco and Pinellas Counties in the Gulf. Wayne Hoffman (pers. comm. 1989, 
Research Department, National Audubon Society) regards the Bridled Tern as one of 
the commonest seabirds during spring and summer at the edge of the Gulf Stream along 
the southern end of the Florida peninsula. According to Clapp et al. (1983), this tern is 
“considerably more abundant ... off the Atlantic coast and in the Gulf of Mexico than 
was previously thought.” Presumably, Bridled Terns offshore Florida are breeding birds 
foraging from nearby nesting sites (¢.g., Cay Sal Banks), as well as post-breeding 
individuals. According to Cramp et al. (1985), they are active both night and day. 


The Brown Noddy (Anous stolidus), the Black Noddy (A. minutus), and the Sooty 
Tern (Sterna fuscata), all pelagic species, have been discussed in the Dry Tortugas 
section. The Arctic Tern (S. paradisaea), “mostly pelagic” (AOU 1983), breeds on far 
northern continental situations and winters as far south as the Antarctic, small numbers, 
at least, are found in migration off the Florida peninsula, apparently mainly in spring 
(Clapp et al. 1983). Black Terns (Chlidonias niger) (which breed inland), along with 
other terns which breed inland as well as along coastal areas, migrate to southern 
wintering areas and return, often in numbers. Buhrman and Hopkins (1978) encoun- 
tered more than 1,000 Black Terns in the open Gulf offshore the peninsula of Florida 
on 25 September 1976, these obviously migrating birds. The extent to which migrants 
may land on waiter is not known, but migrants feed there (e.g., the Black Tern plucks 
fish from the surface). Some potential for oiling of numbers of migrating birds exists. 


328 


Birds 


COASTAL BIRDS 


The “coastal birds” grouping includes species that are associated with coastal marine 
or brackish habitats. This is a heterogenous group that includes wading birds, shore- 
birds, waterfowl, birds of prey, etc. Species known to occur in the study area are listed 
in Table 9.3. 


Loons (Order Gaviiformes, Family Gaviidae) 


Loons are foot-propelied divers, so highly modified for submerged foraging that they 
have lost the ability to walk. Except when flying, or tending nests on floating islets, 
their lives are spent in water. They breed circumpolarly on Arctic and Boreal Zone 
freshwater lakes. Highly migratory, they spend winter along coastlines of the northern 
continents. 


Three species of loons are known from the study area (Table 9.3): the Arctic Loon 
(Gavia arctica), the Common Loon (G. immer), and the Red-throated Loon (G. stellata). 
The Common Loon is included in the species profiles (Appendix B). 


Grebes (Order Podicipediformes, Family Podicipedidae) 


Grebes are highly specialized aquatic birds. Like loons, they cannot walk on land. 
When not flying or atop their floating nests, they are confined to water. While the 
species have freshwater breeding habitats, northern grebes migrate; and in winter, some 
seek Out coastal estuaries, sheltered bays, and inlets. They seldom frequent exposed 
coasts or offshore waters. 


Six species of grebes are recorded in the study area (Table 9.3): Eared Grebe 
(Podiceps nigricollis), Worned Grebe (Podiceps auritus), Least Grebe (Tachybaptus 
dominicus), Pied-billed Grebe (Podilymbus podiceps), Red-necked Grebe (Podiceps 
grisegena), and Western Grebe (Aechmophorus occidentalis). The Pied-billed Grebe has 
both migratory and breeding populations in South Florida; the other five are migrants. 
The Pied-billed Grebe and the Horned Grebe are included in the species profiles 
(Appendix B). Grebes are highly vulnerable to floating oil. 


Pelicans ana Allies (Order Pelecaniformes) 


This order embraces six families, all adapted for marine/aquatic living. Of the two 
families previously discussed under Pelagic Birds, one, the Phacthontidae (Tropicbirds), 
is exclusively pelagic; the other, the Sulidae (Boobies and Gannets), is adapted for 
somewhat different degrees of oceanic existence. Species of the remaining four families 
occupy prominent niches in the non-pelagic portions of the study area (see Table 9.3). 


Pelicans (Family Pelecanidae) 


Two species of pelicans are present in the study arca: the American White Pelican 
(Pelecanus erythrorhynchos) and the Brown Pelican (P. occidentalis). The latter is a 
Species of Special Concern (FGFWFC 1989). Pelicans are the largest of the pelecani- 
form birds, with the American White Pelican having a wingspread of nearly 3 m. 
Pelicans either scoop fish from the water, while swimming (American White Pelican), or 
"plunge-dive” for fish (Brown Pelican). 
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Table 9.3. Coastal birds known to occur within the study area. 


Category of 

Species S vasonaility* Primary Habitat(s) Foraging Concern¢ 
LOONS 
Arctic Loon AV inshore, offshore, Swims submerged 
(Gavia arctica) estuaries, bays 
Common Loon wR inshore, offshore, Swims submerged 
(Gavia immer) estuaries, bays 
Red-throated Loon CV inshore, offshore, Swims submerged 
(Gavia stellata) Oct-May estuaries, bays 
GREBES 
Eared Grebe CV Freshwater, coastal Swims submerged 
(Podiceps nigricollis) Winter 
Horned Grebe WR Coastal, inshore Swims submerged 
(Podiceps auritus) Oct-Apr 
Least Grebe AV Freshwater Swims submerged 
(Tachybaptus dominicus) Any month 
Pied-billed Grebe PR, WR Freshwater, mangrove Swims submerged 
(Podilymbus podiceps) WR Sep-May shorelines 
Red-necked Grebe CV Freshwater, coastal Swims submerged 
(Podiceps grisegena) Winter 
Western Grebe AV Freshwater, coastal Swims submerged 
(Aechmophorus occidentalis) Winter 
PELICANS AND ALLIES 
Pelicans 
American White Pelican wR Principally mangrove Swims, scoops fish 
(Pelecanus Oct-May shorelines, Cape Sable 

erythrorhynchos) area, less frequently 


freshwater 


areas 


Table 9.3. (Continued). 


Category of 
Species Seasonality * Primary Habrtat(s) Foraging Concerns 
Brown Pelican PR. WR Protected coastal Piunge-dives SSC.-+ GF WF 
(Pelecanus occidentalis) Breeds waters 
Mar-Apr 
Cormorants 
Double-crested Cormorant PR, WR Protected coastal Swims submerged 
(Phalacrocorax auritus) Breeds waters, less 
Oct-Mar frequently freshwater 
Great Cormorant CV Protected coastal Swims submerged 
(Phalacrocorax Carbo) Winter waters 
Anhingas 
Anhinga PR. WR Largely freshwater, quiet Swims submerged 
fos (Anhinga anhinga) Breeds mangrove waters, nests 
= Dec-Apr in mangroves 
Frigatebirds 
Magnificent Frigatebird PR Inshore, offshore, While in flight, 
(Frege#’a magniticens) Breeds nests on mangroves picks from surface 
irregularly and bushes of Keys kieptoparasite of 
seabirds 
HERONS AND ALLIES 
Bitterns, Egrets, and Herons 
Least Bittern SR, WR Dense, emergent Within dense vegetation 
(lxobrychus exilis) Present all aquatic vegetation, varied foraging methods 
months marine or freshwater 
Breeds Jun-Jul 
Cattle Egret PR, MV Nests in colonial, On uplands 
(Bubulcus ibis) water-bird rookeries 


in mangroves 


SPS 


Table 9.3. (Continued). 


Category of 


Species Seasonality * Primary riabrtatis) Foraging Comcerné 
Great Egret PR. WR My All wadable wetlands stand and wet walk 
(Casrnerodius albus) Breeds and Ory prawe slowly. etc 

Dec-Apr 
Little Blue Heron PR. WR My Shallow wetlands Many dftcrent foraging SSC .. FGFWFC 
(Egrefia caerulea) Breeds particularly trestw ater wehaviors 

Dec-Jun 
Reddish Egret PR Brackish marshes Much vaned walks runs SSC - FGFWFC 


(Egretia rutescens) 


Snowy Egret 
(Egretta thula) 


Tricolored Heron 
(Egretta tricolor) 


Black-crowned Night-Heron 
(Nycticorax nyctcorax) 


Great Biue Heron 
Biue color morph 
(Ardea herodias) 


Great Bive Heron 
White color morph 
(Ardea herodias) 


Green-backed Heron 
(Butondes striatus) 


Yellow-crowned Night-Heron 
(Nyctrcorax violaceus) 


Breeds hiov Feb 


PR WR My 
WRs, MVs 
Oct May 


Breeds Mar-Aug 


PR_ WR My 
Breeds 
Feb-Jul 


PR WR NV 
Breeds 
Dec-May 


PR. WR 
WRs Oct-Apr 
Breeds 
Sep-Feb 


PR. Breeds 
Sep-Feb 
nocturnal 


PR. MY 
MYs Oct-Apr 
Breeds 
Mar-May 


PR WR My 
Breeds Mar-Jul 


shaiow coastal 
habitats 


Wadable wetlands 
coastal and freshwater 


Shallow, Quiet coastal 
areas 


Estuanes and :siets 
coastal and freshwater 


Coastal estuarine 
freshwater 


Coastal estuarine 


Forested water margins 
coastal and freshwater 


Mangrove shorelines 
mMudtiats 


ses wings etc JR US WS 


Much varred Waring SSC * Gt UAe 
‘ y if 3 ce B 


- FGFWEC 


Ww 
Ww 
©) 


Many different foraging 
behaviors 


standing walking slowly 
etc . drurnal, nocturnal 


Stand end wat, walk 
siowly diurnal. nocturnal 


Stand and wat, walk 
siowly diurnal 


Standing in crouched 
position, walking 
slowly, etc 


Standing while looking 
for prey, walks slowly 
diurnal, nocturnal 


ttt 


Table 9.3. (Continued). 


- 
Category cf 


Species Seasonality * Primary Hattatls; Foraging Concerne 
ibises and Spoonbills 
Glossy !bis PR Freshwater, less Visual and tactie 
(Plegadis taicietius) Opportunistec treqi ently marine picks and probes 
breecer wetla cs shallow water and damp 
Gry ground 
White Ibis PR Marine and treshwate Visual and tactile 
(Eudocimus albus) Opportunistic wetlands, beaches, and picks and probes 
breede: pastures shallow water and damn 
Gry ground 
Roseate Spoonbill PR WR SR Coastal mangroves Tactile shallow water SSC - FGFWFC 
\Ajaia ajaja) Breeds swamps, and freshwater spatulate bill moved 
Nov-Apr wetlands side to side 
Storks 
Wood Stork PR Freshwater and marine Tactie shallow wate: E . FGFWFC 
(Myctenia americana) Breeds wetlands bill contacts prey and E - USFws 
Nov-Apr snaps shut 
WATERFOWL 
Amencan Wigeon wr, Mv Freshwater areas coastal Dabbling 
(Anas americana) Oct-May 
Teal wR, Mv Freshwater areas, coastal Dabbling 
(Anas discors) Aug May 
Lesser Scaup WR, MV Marine waters. more often Diving 
ythya affinis) Oct-May than freshwater 
Mottled Duck PR Freshwater and coastal Dabbling 
Anas fulvigula) Breeds F eb-Jul wetlands 
Northern Pintail WR, Mv Freshwater areas, coastal Dabbling 
(Anas acuta) Oct-Mar 


+e pS 


rtt 


Table 9.3. (Continued). 


Category of 

Species Seasonality” Primary Habtat!s) Faaging Concerne 
Red-breasted Merganser WR. MV Coasta! anc inshore Drving 
(Mergus serrator) Oct-May waters 
Ring-necked Duck WR. My Freshwater ereas, more Diving 
"Aythya collars) Oct-Apr often than coastal 
VULTURES, HAWKS, AND FALCONS 
Vultures 
Black Vulture PR Ubreutious - mainiand From fight, visual 
(Coragyps atratus) fare in Keys clues 
Turkey Vulture PR. WR Ubiquitous, land and From fight, visual and 
(Cathartes aura) ittorai areas olfactory clues 
American Swaliow-tailed Kite SR Countryside with mixed While in flight URS - USFWS 
(Elanoides forticatus) forest growth - 

nengroves, etc 
Bald Eagle PR, WR Seacoasts, lakes, and Plunging and picking T . FGFWEC 
(Hahaeetus leucocephalus) rivers with tall trees from water curface E - 

nearby for nesting picking from land; CITES | 

scavenges 

Broad-winged rMawk WR, Mv Dense wooded areas Watches from tree or 
(Buteo platypterus) Oct-May including mangroves. perches, and launches 

tropical hammocks forth at prey 
Northern Harrier WR MV Marshes, coastal While in flight, at CITES W 
(Crcus cyaneus) praines, and shorelines 7 to 10 m height. drops 

on prey 

Red- shouldered Hawk PR Forested treshwater and Watches from perches in 


(Buteo tineatus) 


Breeds Jan-Mar 


marine wetiands. 
mangroves, tropical 
hammocks 


— 


forest of open ereas, and 
launches forth at prey 


stt 


Table 9.3. (Continued). 


Category of 
Species Seasonality * Prinsary Habitat(s) Foraging Concern¢ 
Sharp-shinned Hawk WR, MV Landscapes with forests Prey pursued in flight, 
(Accipiter striatus) (mangroves), scattered often through woodiand 
growth 
Short-tailed Hawk PR, WR Forested perimeter: of Slow-soaring and plunges 
(Buteo bractryurus) WR Oct-Feb Florida Bay and inland to canopy or ground 
Breeds Mar-Jun 
Swainson’s Hawk wR Open areas, agricultural Perches on ground or URS - USFWS 
(Buteo swainsoni) Nov-Mar land poles, forages on ground 
animals 
Osprey PR, MV Freshwater and marine Plunge-dives SSC - FGFWFC 
(Pandion haliaetus) areas with trees/utility CITES il 
poles, etc. for nests 
Falcons 
Arctic Peregrine Falcon WR, MV Seacoasts, estuaries, Still-hunts; launches E - FGFWFC 
(Falco peregrinus tundrius) Sep-May urban areas; requires forth at prey, then stoops T - USFWS 
dead trees, poles, etc. at it; picks up from CITES | 
for lookouts ground or water 
Eastern American Kestrel WR Fringes of growth, open Sights prey from perch CITES ii 
(Faico sparverius sparverius) Oct-Apr landscape with scattered or hovering, dives on prey 
growth, pineland 
Merlin WR, MV Seacoasts, edges of Sights prey from perch CITES Ii 
(Faico columbarius) Sep-May woodlands, mangroves or hovering; dives on prey 
or pursues in flight 
Southeastern American Kestre! PR, WR Fringes of growth, open Sights prey from perch T - FGFWFC 
(Falco sparverius paulus) PR extirpated? landscape with scattered or hovering; dives on prey UR2 - USFWS 
WR if present? growth, pineland CITES il 


oe ee 


ott 


Tabie 9.3. (Continued). 


Category of 
Species Seasonality* Primary Habitat(s) Foraging Concern+ 
CRANES AND ALLIES 
Coots and Rails 
American Coot WR Brackish bays, Dabbles; dives and 
(Fulica americana) Oct-Apr estuaries, mangrove picks up while 
lakes, and walking 
freshwater areas 
Black Rail SR?, WR? Salt marshes, Seldom observed 
(Laterallus jamaicensis) No data freshwater marshes 
Florida Clapper Rail PR, Breeds: Coastal swamps Walks and runs; picks 
(Rallus longirostris Mar-Jun of mainiand and probes 
scottii) 
King Rail PR, WR, MV Freshwater wetlands, Walks and runs; picks 
(Rallus elegans) Breeds: salinities below and probes 
Feb-Jun 3.7 ppt 
“Aoke te Clapper Rail PR, Breeds: Coastal swamps of Walks and runs; picks UR2 - USFWS 
lus longirostris Mar-Jun Florida Keys and probes 
insularum) 
Sora WR, MV Freshwater and Walks, wades, 
(Porzana carolina) brackish marshes picks up 
Virginia Rail WR, MV Freshwater wetlands, Walks and runs; picks 
(Ralius limicola) Uncommen rare in brackish and and probes; seldom 
coastal marshes observed 
Yellow Rail WR, MV Freshwater and Walks; picks and probes, 
(Coturnicops Uncommon? brackish marshes seidom observed 
noveboracensis) 
Cranes 
Florida Sandhill Crane PR Freshwater marshes While walking, picks T - FGFWFC 
(Grus canadensis near interface with and probes CITES il 


pratensis) 


coastal mangroves 


S3LK 


Let 


Table 9.3. (Continued). 


Category of 
Species Seasonality * Primary Habritat(s) Foraging Concern¢ 
SHOREBIRDS 
Plovers 
Black-bellied Plover WR, MV Surf line, mud flats Runs, pauses, pecks 
(Pluvialis squatarola) Oct-May and salt marshes 
Some summer 
Killdeer PR, WR, MV Coastal and freshwater Short runs, head bobbing 
(Charadrius vociferus) WRs Oct-Mar shorelines, mudflats, picks up; diurnal, 
Breeds filled areas, levees, nocturnal 
Mar-May vacant lots, etc 
Piping Plover WR, MV Coastal, sandy beaches Runs, pauses, stares, T - FGFWFC 
(Charadrius melodus) Jul-May picks up; small groups. T - USFWS 
diurnal, nocturnal 
Semipaimated Plover WR, MV one beaches, tidal Runs rapidly; intertidal 
(Charadrius semipalmatus) Jul-May mudflats zone, picks exposed food, 
in flocks 
Southeastern Snowy Plover PR Sandy beaches, upper and Runs, pauses, pecks T - FGFWFC 
(Charadrius alexandrinus Breeds Mar-May tidal UR2 - USFWS 


tenuirostris) 


Wilson's Plover 
(Charadrius wilsonia) 


Oystercatchers 
American Oystercatcher 
(Haematopus palliatus) 
Avocets and Stilts 
American Avocet 


(Recurvirostra americana) 


Black-necked Stilt 
(Himantopus mexicanus) 


SR, WR 
Breeds Apr-Jul 


WR, PR 
No breeding 
iN study area 


wR 
Sep-May 


SR, rare WR 
SRs Feb-Oct 
Breeds Apr-Jun 


Sandy beaches, tidal 
mudflats 


Sand beaches near 
mollusc beds 


Saline mudflats 


Freshwater, marine 
wetlands 


SF 7 


Crouch, run, pick up, 
diurnal, nocturnal 


Special techniques for 
opening clams and oysters 


In water or on mud; 
versatile pecks, plunges, 
scythes, filters, etc 


Wades, walks. jabs, plunges 
head and neck 


SSC - FGFWFC 


Category of 
Species Seasonality* Primary Habrtat(s) Foraging Concerne 


Sandpipers and Allies 
Dunlin — WR, MV Sandy beaches. tidal Probes and snatches 
(Calidris alpina) Sep-May flats 
Greater Yellowlegs WR, MV Shallow water, tidal! Wades. picks, swings 
(Tringa melanoleuca) flats and mud flats: bill, ploughs water. 
coastal, also inland etc.. runs after fish 
Least Sandpiper WR, MV Sandy beaches, tidal Snatches from surface. 
(Calidris minutilla) Jul-May flats probes soft substrates. 
moves and pauses 
Marbled Godwit WR, Mv Coastal, estuaries, Probes in mud and 
(Limosa fedoa) WRs Jul-May oyster reefs oyster reefs 
we Red Knot WR, MV intertidal zone In flocks. closely- 
¥ (Calidris canutus) Nov, Mar-May spaced, steps, mult:pie 
A tew winter probes, etc 
Ruddy Turnstone WR, MV Upper and lower beaches. Uses bill to overturn 
(Arenaria interpres) Aug-Apr especially tidal zone pebbles, shells, and 
debris; digs, pulls apart 
seaweed on tide line 
i WR, MV Sandy beaches Small flocks 
(Calidris alba) WRs Aug-May 
Semipalinated Sandpiper WR, MV Beaches, intertidal Snatches and probes 
(Calidris pusilla) WRs Jul-Apr zone, and mudflats 
Short-billed Dowitcher WR, MV Sheltered coastal Probes rapidly, bill 
(Limnodromus griseus) Jul-May beaches, mudflats. about 50 to 70 mm. in 
marshes, flooded fields, mud, sand, drift-zone 
and shallow brackish seaweeds wades 
water 
Western Sandpiper WR, MV Sandy beaches, tidal Snatches from surface, 
(Calidris mauri) Aug-May flats probes soft substrates: 
moves and pauses 


SPE 


Category of 
Species Seasonality * Primary Habsat(s) Foraging Concerne 


Willet PR?, WR. SR. MV Sandy beaches, mudcfiats. Probes, snatches while - 
(Catoptrophorus semipaimatus) Breeds Apr-Jun and salt marshes wading/walking 

Gulls (non-pelagic} 

Bonaparte'’s Gull WRs Oct-May Littoral, inshore, Plunges, swims and - 
(Larus philadelphia) Uncommon inland walks 

Sep-May 

Herring Gull WR, MV Littoral, inshore, Dips to surface; - 

(Larus argentatus) Oct-May inland plunges to shallow 


depths; swims and walks 
for prey, kieptoparasite 


thes in pursuit 
Laughing Gull SR, WR, MV, PR? Littoral, inshore, Hovers; dips to 
we (Larus atricilla) Year-round inland surface, swims and 
S Breeds Mar-Aug walks for prey 
Ring-bilied Gull WR, MV Littoral, inshore, Hovers; dips to 
(Larus delawarensis) Oct-Apr inland surface, swims and 
Some ali year walks for prey 
Terns 
Arctic Tern MV Offshore; inshore Hovers and plunge-dives - 
(Sterna paradisaea) irregular 
Black Tern Mv Offshore. inshore; iniand Hovers, plunge-dives, dips 
(Chiidorias niger) to surface, and pursues 
insects 
Bridied Tern Cv Offshore, less frequently Hovers and dips to surface - 
(Sterna anaethetus) inshore 
Caspian Tern WR, MV Coastlines, estuaries, Dips to surtace, plunge- 
(Sterna caspia) and treshwater wetlands dives, swims and dives, 
kleptoparasite 
Common Tern WR, MV Coastal, inland; sandy Hovers and plunge-dives - 
(Sterna hirundo) Sep May beaches 


wl 2 


Table 9.3. (Continued). 


Category of 
Species Seasonality* Primary Habsat(s) Foraging Concerns 
Forster's Tern WR, My Coastal and iniand Hovers. dips to surface - 
(Sterna forsteri) Jul-May and plunge-dives 
Gull-billed Tern SR, WR, MV Lowland coasts Dips to surface, plunge 
(Sterna nilotica) Breeds inland estuanes, iniand lakes dGwes, “hawks for insects. 
north of study marshes, etc walks/runs for prey, swoops 
area for prey on ground/water 
Least Tern SR Coastal and inland Hovers, dips to surface T . FGFWFC 
(Sterna antillarum) Mar-Oct and plunge-dives 
Roseate Tern SR, WR, MV Exclusively maritime aps T . FGFWFC 
(Sterna dougalii) Breeds May-Aug shallow, sandy areas to surface schools T - USFWS 
shingle beaches of large fish, reefs edge 
and into Stream 
Royal Tern Common ail year inshore waters hovers, and - 
ra (Sterna maxima) Most numerous coastlines, estuanes skims 
when WRs from uncommonly? offshore 
north present 
Sandwich Tern SR, WR, MV inshore, coastal waters Hovers and plunge-dives - 
(Sterna sandvicensis) estuaries, sand bars. and 
humps 
Skimmers 
Black Skimmer PR, WR Beaches, sand bars. spoil Shims water surface - 
(Rynchops niger islands, parking lots mandibles agape, longer 
May Aug etc im daytime lower one in water 


* AV = Accidental Visitor; ald Np eslen of Epoaies Comeemn: URE © Under sovtow ter toting, bel eusctented edence of tislogies! 


+ E = Endangered; T = Concern; UR2 = Under review for , but substantial evidence of biological 
funetaity aot threat lching URS = ee ee See ee , but no longer c ed for listing because recent information 
indicates species is more widespread or abundant than previously believed, Sc | = Species with greatest threat of extinction, Schedule li = 
Species under threat; FGFWFC = Fioricta Game and Fresh Water Fish Commission, USFWS = US Fish and Wildlife Service 
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Cormorants (Family Phalacrocoracidae) 


Cormorants submerge and then pursuc prev underwater. They scize prev between 
powerful mandibles. Prey are brought to the surface before they are ingested. Onc 
species, the Dowble-crested Cormorant (Phalacrocorar auritus), is a Permanent Resident 
ad W.nter Kesident in the study arca; it is included in the species profiles 
(Appendix B). Another species, the Great Cormorant (P. carbo), is a very casual Winter 
Visitor. 


Anhingas (Family Anhingidae) 


Anhingas, like cormorants. forage underwatcr and rise to the surface to ingest their 
prey. Unlike cormorants, however, thcy usually impale fish upon their mandibles. They 
have areas of plumage that are “wettabic" and which function to reduce buoyancy during 
underwater stalking of prey (Owre 1967). Anhingas frequent freshwater habitats, but 
also enter quiet, brackish and marine waters. They nest amidst colonial waterbird 
colonies in mangrove areas. One species, the Anhinga (Anhinga anhinga), occurs in the 
study area as a Permanent Resident and Winter Resident. 


Frigatebirds (Family Fregatidae) 

Frigatebirds are very large, acrial marine birds. Mainly tropical and subtropical, 
they range the oceans of the world. Their powers of flight are noteworthy. Prey are 
taken while the frigatebird is in flight. Frigatcbirds are kleptoparasites at seabird 
nesting colonics. One species, the Magnificent Frigatebird (Man-O'-War Bird) (Fregata 
magnificens), occurs in the study area and is included in the species profiles 
(Appendix B). 


Herons and Allies (Wading Birds) (Order Ciconiiformes) 


The “long-legged" wading birds (¢.g., herons, ibises, and storks of the Order 
Ciconiiformes) are distinct from the short-legged wading species (e.g., plovers and 
sandpipers of the Order Charadriiformes). The former are common to both the marinc 
and freshwater wetlands of South Florida, where no less than 12 (20%) of the entire 
world’s species of herons occur. Nowhere in Florida have these birds been more 
erry than around the mangrove-fringed southern tip of the peninsula embracing 

ida Bay. Indeed, some of these specics have devcloped “unique subpopulations that 
are cither completely or largely restricted to Florida Bay” (Powell «: al. 1982). 


Historically, wading bird populations of South Florida were so large that they were 
tably harvested for their plumage, which was used in the millinery trade (Pearson 
1937) as well as for food; many species were virtually extirpated from the region. With 
effective protection in the early part of the 20th century, populations began re-establish- 
ing themselves. But these never multiplied to historic levels; decreases in numbers sct 
in about 1935 (Kushlan and White 1977), and have continued (Powell 1987). Inherent 
in the decrease of these populations is attrition of the feeding environment, apparently 
brought about by management's impedance of freshwater outflow from the Everglades 
(Powell et al. 1989). Further compromising of this environment (c¢.g., through wide- 
pollution) could be catastrophic to the remaining wading bird populations of 
Bay and South Florida. Birds that forage in shallow littoral waters, salt 
marshes, on tidal flats, and within the mangrove wetlands will be at risk from floating 
oil. It is to be emphasized that many of these long-legged waders will congregate where 
there are concentrations of prey. 
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Bitterns, Eorets, and Herons (Family Ardeidae) 


Herons have long. pointed mandibles, long Iegs, and outstandingly long necks, their 
tails are short and their bodies are slim. Many develop plumes on their head, neck, or 
back at breeding. Some specics occur as adults in mor. than one color phase (c.g., the 
Reddish Egret, which is cither permanenily white or reddish-brown). In some specics, 
immature birds haw very different plumage from adults (c.g. the Litthe Blue Heron, 
which is white when immature, quite different from the adult). 


‘Wading birds (e.g. herons) have quite different spectra of feeding methods. Some 
emphasize “standing and wading” for the:r prey, or they “walk slowly” looking for it. 
Some are more versatile, using a varicty of foraging methods which may include 
“running,” “wing-flicking,” “shuffling fect.” and cven “diving.” 


Many heron species are colonial at breeding and gather in large rookcrics, usually in 
trees surrounded by water. Many are ercgarious at roosting. In foraging, however, most 
species tend to be solitary or at least spaced apart from cach other; nonctheless, when 
prev is localized and abundant, fecding groups (often of mixed specics) may form. 


“Herons have always enjoved a high P.R. rating among wildlife conservationists” 
(Peterson 1984). It is interesting to realize that the Audubon movement, and in 
considerable extent the conservation movement carly in the Century, were accelerated by 
the dramatic plight of the wading birds caused by the “plume-hunicrs.” 


One bittern, six “egrets,” two herons, and two night-herons are found in the study 
area (Table 9.3). 


The Least Bittern (lrobrychus exilis) is found in the study areca as a Summer 
Resident. Bowman and Bancroft (1989) reported the first nestings in Florida Bay, these 
on mangrove isicts. This is a heron of the lower story of the marsh; it is scldom far 
from water. 


Six herons (designated “egrcts") are found in the study arca: Cattle Egret (Bubulcus 
ibis), Great Egret (Casmerodius albus) (= American Egret, Common Egret, Great White 
Egret), Reddish Egret (Egretia rufescens) (formerly Dichromanassa rufescens), and Snowy 
Egret (E. thuia). The Reddish Egret and Snowy Egret are Florida Species of Special 
Concern (FGFWFC 1989). The Tricolored Heron (£. ricolor) and the Little Blue 
Ileron (E. cacrulea) are now regarded as having affinitics with certain of the so-called 
egrets and are treated as “congencric” with them (AOU 1983); both are designated 
Florida Species of Special Concern (FGFWFC 1989). 


Additional species of ardeids found in the study arca include Great Blue Heron 
(Ardea herodias) (blue color morph and white color morph--the latter formerly Great 
White Heron - A. occidentalis), Green-backed Heron (Butondes stratus), and two 
night-herons: Black-crowned Night-Ileron (Nycticorar nyctanassa), and Yellow-crowned 
Night-Heron (N. violaceus). 


Ibises and Spoonbills (Family Threskiornithida®) 


Large wading birds of powerful flight, ibises and spoonbills are characteristic of 
warm to temperate, subtropical, and tropical regions (sce Table 9.3). Ibiscs have long, 
thin, decurved bills adapted for “picking,” “probing,” and “scything” in shallow waicr. 
Two species, Glossy Ibis (Plegadis falcinellus) and White this (Eudocimus albus), arc 
found in the study arca and are included in the specics profiles (Appendix B). 
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Spoonbills have flattened, spatulate-shaped bills primarily used in “scything” for 
small fish. All exhibit pronounced post-breeding and post-fledging dispersal as well as 
nomadism. One species, the Roseate Spoonbill (Ajaia ajaja), occurs in the study arca. 
The Roseate Spoonbill is a Species of Special Concern (FGFWFC 1989). 


Storks (Family Ciconiidae) 


Storks are large wading birds of temperate, subtropical, and tropical regions of the 
world. Of 17 species, only the Wood Stork (Mycteria americana) is foand in North 
America. The Woo Stork, an Endangered species, is a Permanent Resident of the 
Study area (Table 9.3). From 1967 to 1982, South Florida’s Wood Stork population 
decreased about 75% (Kushlan and Frohring 1986). The population has apparently 
shifted nesting northward into northern Florida, Georgia, South Carolina, etc. (Frederick 
and Collopy 1988). Altered hydrography has so changed seasonal water levels that now 
there is inadequate available food at nesting time (Ogden 1985). Reduced numbers 
continue to nest at some traditional sites in mangrove swamps between Cape Sable and 
Maderia Bay (e.g., Lane River, Old Lane River, East River, Cuthbert Lake, and 
Alligator Lake). The storks did not nest historically on mangrove islets in Florida Bay 
and have been uncommon on the Kevs. Mangrove-nesting birds forage extensively in 
freshwatcr drainage systems that terminate at Florida Bay; here, as watcr levels dropped 
in winter and spring, prey became trapped in isolated ponds in depressions of the 
Substrate and were available to foragers. Both in and out of nesting season, storks also 
forage in the mangroves and near the peninsula's southern rim. 


Nesting onset in Wood Storks is variable, being dependent upon falling water levels 
in the Everglades drainage system. Nesting assemblages may form from November to 
January, and as late as mid-April (Frederick and Collopy 1988). Juveniles disperse 
widely from the area. Some birds are usually present in the general area outside of the 
nesting season. 


Nesting rookeries of Wood Storks are usually sufficiently inland that oil penetration 
to them is unlikely. Foraging birds along the mangrove fringe would certainly be 
vulnerable in the event of a spill. Because this is an Endangered species, any unnatural 
mortality to the population is of concern. Mortality would be particularly serious in 
view of this being a so-called "K-selected” species which is characterized by deferred 
maturity, long nest life of young, and extended parental care. 


Waterfowl (Order Anseriformes, Family Anatidae) 


The wild populations of the waterfowl of North America include more than 40 
species. Breeding by most of these is largely confined to central or northern portions of 
the continent. Most are highly migratory, seeking open water and adequate foraging 
areas in which to winter. 


Several so-called migration “corridors” describe the major flight paths within which 
southbound waterfowl channel their flight; some of these terminate in Florida; others 
continue through the State and southward (see Gusey 1981 figs. 1.14, 1.15, 1.16). Of 
the large numbers of waterfowl of many species arriving in the State, the great majority 
of individuais "drop out" before they reach South Florida. Gusey (1981) stated that only 
the Lesser Scaup (Aythya affinis) "can be considered as occurring regularly in winter 
along the southern Florida coast.". This is not exactly the case. The Blue-winged Teal 
(Anas discors), for example, winters largely south of Florida (and the rest of the U.S.), 
but major migration corridors pass through the State and many migrants pause within 
the peninsula (Bellrose 1980) includine South Florida in the study area. Of the duck 
species with large North American populations, most are represented, if variably, by ai 
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least some populations which winter in South Florida. Kushlan et al. (1982) listed 22 
species of ducks (nearly half of the total North American species) as occurring in 
Everglades’ estuaries. The six species consistently present year by year, and comprising 
99% of the numbers of individuals are as follows: Blue-winged Teal, Lesser Scaup, 
Northern Pintail (Anas acuta), American Wigeon (Anas americana), Ring-necked Duck 
(Aythya collaris), and Northern Shoveler (Anas clypeata). Additional species that were 
noted during Christmas Bird Counts (CBCs) (>90% of the CBCs) included the Mottled 
Duck (Anas fulviguia), Ruddy Duck (Oxyura jamaicensis), and Red-breasted Merganser 
(Mergus serrator). Kushlan’s census area embraced almost all the inshore coastwise and 
estuarine surfaces within the study area. Waterfowl being powerful flyers, practically all 
of the North American species have been recorded in South Florida. Most Casual 
Visitors and Accidental Visitors are not discussed herein, although several of these 
species with moderate numbers are included. Only two species of waterfowl breed in 
South Florida: the Wood Duck (Aix sponsa), which is not coastal in distribution; and the 
Mottled Duck which nests inland and, to some extent, in coastal situations. 


Swimming birds that spend a great deal of time in the water (e.g., either foraging, 
loafing, and/or even sleeping) are obviously vulnerable to oil pollution. King and 
Sanger (1979) rated 33 species of waterfowl with oil vulnerability indexes between 32 
and 75. This spread of values derives from differences in the species abundances, 
seasonality, and adaptations. Chicf among the latter are adaptations for foraging: some 
species dive for their food (= diving ducks); and others reach downward from the 
surface, their tails then “tipping” upwards (= dabbling ducks). Many species are 
gregarious Guiside of breeding and these may “raft” on the water in large numbers. 
Some species sleep at sea in inshore coastal waters. Manner of taking flight can be 
important, too: some must make long runs into the wind before becoming airborne, 
while others launch themselves almost vertically upward into flight. 


Finally, it should be realized that the environments wherein species spend the winter 
Or pause to rest and feed while in migration are of no small significance in the main- 
tenance of the continent's waterfowl population. 


Within the study area, waterfowl distribution varies (see Table 9.3). Most waterfowl 
are attracted to inland lakes and shallow bights north of Florida Bay's central area. 
Lakes and mudflats of Cape Sable, especially the areas near Flamingo, attract high but 
yearly fluctuating numbers. 


Vultures, Hawks, and Falcons (Order Falconiformes) 


Predators and scavengers, the diurnal birds of prey, have significant roles in popula- 
tion dynamics of continental faunas. South Florida, in addition to iis permanently 
resident falconiforms, has species which migrate here either to breed, to remain as 
Summer Residents or Winter Residents, or to pass through as Migratory Visitors. Both 
Migratory Visitors and Winter Residents may be present seasonally in considerable 
numbers. 


Migrating hawks and falcons more or less accompany migrants of the avian taxa 
upon which they feed. These prey species (e.g., ducks, swallows, flycatchers, warblers, 
and thrushes) frequently congregate about estuaries and bays, at the termini of land 
masses, and on islands, etc.; the predators gather where prey can be found. The kevs, 
islets, and mangrove fringes of the peninsula's southern rim become "jumping-off places 
for great numbers of land-bird migrants which have paused to rest and forage before 
departing southward in fall, or north in spring. Shorelines, mudflats, and cxposed tidal 
areas are jumping-off places for plovers, sandpipers, and other shorebirds. Florida Bay, 
its estuaries, the mangrove lakes, etc. are departure sites for waterfowl and other aquatic 
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birds. Predators forage for prey concentrated in these places. Page and Whitacre 
(1975) estimated that birds of prey captured as much as 21% of one species of shore- 
bird during five winter months at a California lagoon. Not all of the predators, of 
course, are foraging for avian prey. Some are specialized to capture fish. Many capture 
a variety of vertebrates and invertebrates. Some are primarily, or only occasionally, 
scavengers. 


Oil pollution within the study area would directly affect those species diving for fish 
(the Osprey), or plucking fish from the water (Bald Eagle). Birds and fish, weakened 
incidental to oiling, would be the most readily selected prey by foraging falconiforms; 
the predators might now become oiled from handling such prey and/or affected from 
ingesting them. The falcons (Peregrine) may knock or drive their prey into the water 
and then retrieve such. It follows that they would become oiled. For the scavengers 
(vultures, eagles, gulls, and others), carcasses, even though oil-soaked, would be prime 
attractants with obvious, possibly serious results. It needs to be emphasized that at 
times of the year, portions of the study area have concentrations of hundreds, even 
thousands of predators and their prey. The potential for widespread avian mortality 
would certainly exist. 


It is to be stressed that predators and prey under discussion represent nesting 
populations of the tundras of Alaska, Canada, and even Greenland, of the taiga and the 
boreal forests of North America, the prairies of the middle portion of the continent, the 
deciduous forests of the Southcast, in addition to habitats of Florida itself. Both 
migrating and wintering predators can be concentrated in numbers; many may pass 
through an area within short periods of time. Widespread mortality here in the study 
area could affect local nesting populations from throughout the North American 
continent. 


Numbers of the Falconiformes have been seriously reduced by human pressures. 
Throughout the world, large-scale hunting has gone on since settling of the continents. 
One can describe such hunting of earlier times as a purposcful onslaught to eliminate 
the predators. Persistent pesticides have destroyed or reduced fertility of large numbers 
of the birds. Habitat destruction has much reduced populations. Populations of many 
species have been so reduced that in Europe, for example, of 29 regularly breeding 
species, 17 have declined markedly in numbers (Cramp et al. 1980); here in South 
Florida, seven of the falconiform species encountered within the study area are included 
in Categories of Concern (FGFWFC 1989). Unusual sources of mortality, sources not 
ordinarily presented by the environment, are of real cause for concern with respect to 
"stressed species" as are many of the Falconiformes. 


Vultures (Family Cathartidae) 


Among the very largest of North American birds, vultures have exceedingly light 
wing-loading, and their powers of soaring flight are outstanding. The great mobility of 
the birds makes it possible for them to gather quickly at dead or dying animals that 
appear in the landscape. The birds could be attracted to fish, birds, and other animals 
sick or dead from the effects of oil pollution. 


Two species of vultures occur in Florida, the Black Vulture (Coragyps atratus) and 
the Turkey Vulture (Cathartes aura). Both are present within the study area 
(Table 9.3). The Turkey Vulture is of more than considerable interest with respect to 
olfactory abilities, its two subspecies within the study area, and an apparently sedentary 
population as well as large wintering population derived from much of northeastern 
North America. 
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Kites, Eagles, Hawks, and Allies (Family Accipitridae) 


Adaptive radiation within the hawk family has evolved pronounced “types” of these 
diurnal predators; their morphology and foraging methods are keyed to types of prey. 
The smallest hawk in the study area, the Sharp-shinned (Accipiter striatus) (which may 
weigh as little as 100 g), is a "bird hawk" of the genus Accipiter. Characterized by short, 
rounded wings and a long tail, accipiters are wonderfully maneuverable in flight, being 
able to pursue small birds around bushes and among the trees. Even more maneuver- 
able are the kites. The American Swallow-tailed Kite (Elanoides forficatus) (occurring 
within the study area) twists, turns, and pivots in flight as it plucks dragonflies from the 
air Or small birds from outer canopies of the trees. The Endangered (USFWS, 
FGFWFC) Snail Kite or Everglades Kite (Rostrhamus sociabilis) is a highly specialized 
kite of Florida. It forages only for apple snails (Pomacea sp.), which are strictly 
freshwater inhabitants. This kite may infrequently enter the study area; it is essentially 
a bird of the central and northern portions of the Everglades basin. The Red- 
shouldered Hawk (Buteo lineatus), Broad-winged Hawk (S8uteo platypterus), and others of 
the genus Bureo circle high in the sky, perch in the open or in the forest canopy, and 
pounce on prey on the ground. The Bald Eagle (Haliaeetus leucocephalus), an 
Endangered (USFWS) and Threatened (FGFWFC) species, is the largest of the 
accipitrids in the study area; females may weigh up to 17 kg. This raptor, a bird of 
estuaries, lakes, and marine or freshwater littorals, has a diversity of foraging strategies; 
it picks up fish from the water’s surface, captures wounded ducks and other such 
available prey, scavenges beaches, and is a kleptoparasite of the exclusively fish-eating 
Osprey (Pandion haliaetus), which is a Species of Special Concern. 


Resident accipitrids build nests of twigs and sticks. Nests of larger species can be 
proportionately huge. Placed high in trees, the nests become prominent features of the 
landscape. Such nests are usually reused in succeeding seasons. 


Largely predators of live prey, many accipitrids of northern areas are migratory. As 
with the falcons in fall and spring, numbers of hawks that do not nest in South Florida, 
arrive here in migration. Passing through the study area, they forage for traditional 
prey. Some winter here. 


Nine of the accipitrid species found in the study area have been selected for 
discussion in the species profiles (see Table 9.3). Six of these have breeding populations 
here. One, the American Swallow-tailed Kite, migrates here in spring from South 
America to breed. Three are exclusively Winter Residents. As with many accipitrids, 
breeding species may disperse to other areas after nesting, and populations of the same 
species may migrate here in winter or pass through in migration. 


Falcons (Family Falconidae) 


The typical falcons are compact, solid birds of prey with long, narrow, pointed wings 
characteristic of birds capable of high speed. The edge of the upper mandible has a 
pointed projection (it is "toothed") which is used in tearing flesh. 


Falcons in the study area represent three lines of adaptive radiations of the true 
falcons. The Arctic Peregrine Falcon (= Duck Hawk) (Falco peregrinus tundrius) is one 
of the larger falcons that "stoops" on its prey from above; the speed of the stoop is such 
that when the prey is struck by the falcon’s large feet, it is usually killed and tumbles to 
earth. The falcon then circles, lands, and tears up the prey or picks it up and carries it 
away to devour. The Merlin (F. columbarius), a much smaller falcon, overtakes prey in 
pursuit. Finally, the American Kestrel (F. sparverius) is representative of small falcons 
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that hover in the air over open arcas and drop on small mammals and insects on the 
ground. 


Falcons found in the northern portions of Eurasia and North America undertake 
long migrations to winter in areas with adequate food supplies. Many accompany the 
migrations of prev species of birds and gather at the concentrations of these at stopover 
places and wintering grounds. 


Cranes and Allies (Order Gruiformes) 


The Rallidae (rails, coots, gallinules), the Aramidae (limpkins), and the Gruidac 
(cranes) are the only families of the large Order Gruiformes of concern regarding the 
Study area. Species of coots and rails are listed in Table 9.3, along with the Florida 
Sandhill Crane. 


The Limpkin (Aramus guarauna), a Florida Species of Special Concern (FGFWFC) 
only occasionally enters mangroves or the habitats of the Keys (Howell 1932); it is not 
considered in the species proliles (Appendix B). 


Rails, Coots, and Gallinules (Family Rallidae) 


Rails are small to medium-sized, secretive birds of the marshes. Many are noctur- 
nal. When foraging, they use their long, thin bill to pick and probe for invertebrates. 
Two rails are included in the species profiles (Appendix B): (1) the Clapper Rail (Ra/lus 
longirostris), two subspecies of which occur in the study arca--the Florida Clapper Rail 
(RL scotii) and the Mangrove Clapper Rail (R. /. insu/arum), and (2) the Sora 
(Porzana carolina). The King Rail (R. elegans) has a habitat interfacing that of the 
Clapper Rail, but it is largely a freshwater inhabitant; it is not given a species profile. 
Other rails (not included in the species profiles) are Migratory Visitors or Winter 
Residents in the study area: Yellow Rail (Coturnicops noveboracensis), Black Rail 
(Laterallus jamaicensis), and Virginia Rail (R. limicola). 


Coots are duck-like swimming birds that dabble and dive for food, usually algac and 
other plants. They frequently associate with ducks. Coots are often present in very 
large numbers. The American Coot (Fulica americana) is included in the species 
profiles. The Common Moorhen (Gallinula chloropus) and the Purple Gallinule 
(Porphyrula martinica) (neither considered in the specics profiles) are found inland in 
freshwater arcas fringing the coast; they scldom enter the brackish and saline coastal 
swamps. 


Rails are vulnerable to oil penctrating the mangroves or marinc-bordcring marshes. 
Coots, when congregated in brackish and marine situations, can suffer considcrable 
mortality from oil. 


Cranes (Family Gruidae) 


Cranes are extremely long-legged omnivores of marshes, grasslands, savannas, and 
swampy brinks of wetlands. One species, the Florida Sandhill Crane (Grus canadensis 
pratensis), is found within the study area. The Sandhill Crane is a Threatened species 
(FGFWFC). It is essentially a freshwater marsh bird found in the study area near the 
interface with coastal mangroves. The potential for oiling seems remote. 


347 


Birds 


Shorebirds (Order Charadriiformes) 


This large taxon contains more than 300 species. Adaptive radiation of ancestral 
charadriiforms led to a broad diversification in ways of "making a living” in the marine 
and marine-bordcring ecosystems. The three suborders of the Charadriiformes (i.c., 
Charadrii, Lari, and Alcac) illustrate this. The suborder Charadrii includes the plovers, 
sandpipers, and others that pluck, probe, and gican from the substrates they walk or 
wade in. The Lari (e.g., gulls, tcrns, cic.) are acrial and forage while in flight. Finally, 
the Alcae (c.g., auks, dovekics) forage while swimming. Representatives of the 
Charadrii and Lari are important components of the South Florida avifauna; specics of 
the Alcac reach South Florida only as infrequent Accidental Visitors. 


"Shorebirds” ("waders" to Europeans) are mostly smallish birds, foraging on inverte- 
brate faunas around freshwater and marine habitats. While some species nest coastally, 
most breed in the continents’ interiors: marshes, along lakes and rivers, on the prairies, 
and, in the case of many species, on the Arctic tundras. Most species, when they leave 
their nesting grounds, carry Out coastwise and transoceanic migrations, some of which 
are transequatorial (particularly scolopacid species [sandpipers and allies]). Their 
destinations are the beaches, bays, and estuaries of coastlines of the continents. As 
much as two-thirds to three-quarters of the year is spent by most of the species in 
migration and wintering; for much of the year, then, these birds become components of 
marine ecosystems (Burger 1984). Only a very few shorebird species nest in South 
Florida. Many migrate through South Florida, pausing en route to rest and feed (see 
Table 9.3). Senner and Howe (1984) identified northern Florida Bay as an “important, 
traditional stopover site" for migrating shorebirds in North America. Many winter here 
in some numbers. 


It is important to consider that winter habitat use by these littoral-oriented birds is 
in large part predicated by tidal cycles. Low tide is the favorable time to frequent 
beaches and tidal flats. Feeding peaks of many species can be correlated with low tide, 
when invertebrate prey animals become relatively inactive. Energy demands of these 
birds are so exacting that 90% of the daylight hours may be spent foraging. Many 
species forage crepuscularly and nocturnally to take maximum advantage of tidal 
conditions (Puttick 1984). Because tides change constantly, foraging potential is 
continually changing, and optimum foraging periods are temporary. 


Few avian taxa appear to be at greater hazard to widespread oil pollution than the 
shorebirds. Oil washing up on beaches during changing tidal stages will destroy the 
invertebrate fauna the birds prey upon. Also, because the shorebirds forage, loaf, and 
sleep on the shorelines, their feet and plumage would be very susceptible to oiling. 
Because shorebirds move about within their wintering area to take advantage of 
opportunities presented at different places and habitats, they could encounter oil in 
more than one place. During migration periods, individuals within an area may well be 
constantly arriving and departing. Burger (1984) called attention to the fact that many 
shorebirds have fidelity to their specific wintering sites. Until recently, management and 
conservation officials have not considered the shorebirds as seriously as other taxa of 
marine birds found along our beaches, bays, estuaries, and inshore waters. 


Plovers (Suborder Charadrii, Family Charadriidae) 


Plovers are birds of open ground, particularly beaches. They can run swiftly and fly 
strongly. Foraging is visual, food being picked from the ground or surface of shallow 
water. Many are ative at night as well as day. Six species can be encountered in the 
Study area (Table 9.3): Black-bellied Plover (Pluvialis squatarola), Killdeer (Charadrius 
vociferus), Piping Plover (C. melodus), Semipalmated Plover (C. semipalmatus), 
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Southeastern Snowy Plover (C. alexandrinus tenuirostris), and Wilson’s Plover 

(C. wilsonia). Both the Piping Plover and the Southeastern Snowy Plover are cate- 
gorized by the FGFWFC as Threatened species. The USFWS also categorizes the 
Piping Plover as Threatened, but the Southeastern Snowy Plover as Under Review. 


Oystercatchers (Suborder Charadrii, Family Haematopodidae) 


Oystercatchers are among the most spectacular of the large shorebirds. Largely 
black and white, their legs and feet are pink, their mandibles red-orange. Although 
heavily built, the birds swim, as well as walk and run, with some agility. 


The oystercatcher bill, as long as 10 cm, is laterally compressed and chisel-shaped at 
the tip. With this bill, the birds can open clams and oysters, and pry attached molluscs 
from rocky shorelines. 


Of two species occurring in the U.S., only the American Oystercatcher (Haematopus 
palliatus) occurs in South Florida and the study area (Table 9.3). It is a Permanent 
Resident locally, and occurs in small numbers; however, in winter, its numbers increase. 
The American Oystercatcher is a Species of Special Concern (FGFWFC 1989). 


Stilts and Avocets (Suborder Charadrii, Family Recurvirostridae) 


Stilts and avocets are large shorebirds characterized by very long legs, long slender 
bills, and bold color patterns. Bill lengths of stilts exceed 55 mm and are slightly 
recurved (upturned) at the tip. Avocet bills exceed 80 mm and are markedly recurved. 


Stilts frequent freshwater habitats more than do avocets. In South Florida, they 
forage in shallow water with margins rimmed with trees, shrubs, or marsh vegetation. 
Stilts are also found in mangrove ponds and at pools on the coastal prairie. They grasp 
food at or below the surface. Avocets favor open areas such as mud or marl flats, with 
alkaline or saline content. Their bills are adapted to gather small organisms from water 
or soft substrates; they often scrape food from mud and the surface of shallow water. 


Of seven recurvirostrid species found in the world, two species (one stilt and one 
avocet) are found in the study arca (Table 9.3). The Black-necked Stilt (Himnantopus 
mexicanus), a Species of Special Concern, is largely a Summer Resident (a few remain 
in winter), migrating here from South America. The American Avocet (Recurvirostra 
americana) is a Winter Resident, migrating to South Florida in small numbers from 
western North Amcrica. 


Sandpipers and Allies (Suborder Charadrii, Family Scolopacidae: 
Scolopacinae) 


The more than 50 species of the world’s sandpipers present a wide spectrum of body 
sizes, leg and bill lengths, and foraging methods. The smallest, the Least Sandpiper 
(Calidris minutilla), may weigh no more than 20 g and its bill may measure 2 cm. The 
largest, the Long-billed Curlew (Numenius americanus), may weigh more than YOO g and 
its bill length may reach 65 cm; it is not considered in the species profiles (Appendix B). 
The scolopacid species are adapted to utilize a great many ecological niches of littoral, 
marsh, and prairic ecosystems. 


Compared with plovers, the sandpipers have generally longer legs, slimmer bodies, 


and more slender bills, the latter more or less curved in many species. Sandpipers are 
less typical of the upper portions of sandy beaches than are plovers. Many species 
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forage along receding tide lines and on exposed tidal flats. Their foraging is not always 
entirely visual. Many probe in wet mud. 


The common names of sandpipers (c.g., peeps, stints, turnstones, dowitchers, 
godwits, and curlews) attest to the familiarity of these birds’ habits and natural history 
iO hunters, naturalists, and many people who appreciate the birds. Peter Matthiessen 
(1973) wrote of the sandpipers, “their kinship with the distance and swift seasons, the 
wistful signal of their voices down the long coastlines of the world make them the most 
affecting of wild creatures." 


More than any other taxon of birds, the scolopacids are travellers across wide arcs 
of the planet. Many breed on Arctic tundras. The Red Knot (Calidris canutus), for 
example, migrates between Alaska and Tierra del Fuego at the southern tip of South 
America. Its stopover places en route furnish it with the food to replenish the fat 
which will supply it with cnergy to fly the long distances at speeds which may exceed 
64 km/h (35 knots). It stops cach year at the places it has stopped at before. It is 
important that the scolopacid stopover places and wintering places, as weil as breeding 
grounds, remain free of pollution and contaminants. 


Not all of the species of the Scolopacidae that are found in the study area are 
presented in the species profiles. The wide selection of species presented has been 
chosen to demonstrate the diversity of habits, origins, and problems these birds may face 
with respect to oil pollution (sce Table 9.3). 


Gulls (non-pelagic) (Suborder Lari, Family Laridae:Larinae) 


Gulls are medium-sized (as a pigeon) to large (1.4 m wingspread) birds. In flight, 
they are buoyant and utilize thermals and obstruction currents within which to soar to 
heights which may exceed 600 m (Woodcock 1940). By alternating soaring to heights 
and protracted glides downward, the birds can cover considerable distances with little 
actual expenditure of energy. They walk well and swim with webbed feet. In migration, 
they tend to follow coastlines, scavenging on littoral animals and tidal wash-ups. 
Gregarious, they nest colonially and roost on land and water in company with others. 


Gulls are omnivores that use whatever methods are appropriate for the foraging 
situations (Burger 1988). The most frequently used method is “picking” items from the 
surface (48% of the time) or “surface dipping" (21%) (see Burger 1988). Primary food 
items are insects, crustaceans, snails, worms, other invertebrates, fish, sewage and 
garbage dump items, and carcasses. 


Four species of non-pelagic gulls are presented in Table 9.3. Only the Laughing 
Gull (Larus arricilia) breeds in the study area. Another species, the Ring-billed Gull (L. 
delawarensis), winters in large numbers. The Herring Gull (L. argentatus) is ubiquitous 
in winter, but occurs in small numbers. Bonaparte’s Gull (L. philadelphia) is a regular 
Winter Resident, but in very small numbers. The Great Black-backed Gull (L. marinus) 
(not discussed in the species profiles) is extending its breeding range southward along 
the Atlantic coast and now appears infrequently in winter. Gulls are wanderers along 
the littoral pathways and are often caught up in weather masses (¢.g., hurricanes which 
can cntrap birds over large areas); numerous other species, not discussed in the species 
profiles, are Casual Visitors and Accidental Visitors in South Florida. 
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Terns (Suborder Lari, Family Laridae:Sterninae) 


Terns are distributed along the seacoasts, throughout the freshwater wetlands, and 
over the oceans of the world. While the majority of species are adapted to warm or 
tropical regions, some breed at high latitudes and are highly migratory as indeed are 
some of the pelagic species of subtropical/tropical ocean masses. A number of the 
species of the Northern Hemisphere breed in both North America and Eurasia, the 
geographical populations of these species having specific migratory routes and wintering 
areas. 


Terns forage on small fish and other life at the air/water interface. Most character- 
istically, terns “plunge-dive" from altitudes of a very few meters, the dive resulting in 
partial or complete submergence; in either case, the dives are shallow ones and the birds 
rise from the water with rapidity. Terns also “dip to the surface" for food items and 
they may seize prey such as insects from the air. 


More Gelicately built than gulls, terns have longer and narrower wings and their 
flight is faster and more buoyant. They seidom soar and glide as gulls; rather they beat 
their wings constantly. With shorter legs and smaller feet. terns swim less than guils 
and seldom forage while walking. 


A maritime habitat usually has several species of terns which differ markedly in 
body and bill-size. Ashmole (1968) showed that ecological segregation among sympatric 
species is achieved by these differences in sizes which correlate with prey sizes. 


Most terns nest on the ground, often on undisturbed beaches or shoreline arcas. 
Their populations have been much reduced: first, the birds were harvested for their 
feathers (millinery trade); then, eggs were taken from the brecding colonies; and finally, 
their habitats were destroyed by man. Numbers of tern species have never regained 
abundances they once had. 


Fourteen species of terns occur in South Florida. Eleven are listed in Table 9.3; 
the other three, the Black Noddy, the Brown Noddy, and the Sooty Tern, have been 
discussed in the Dry Tortugas section and are included in Table 9.2). Four of the 14 
species occur as migrants, and four nest within the study area. Two nest north of the 
Study area, One nests nearby in the Caribbean and reaches the study area with some 
regularity, while others winter here. Of terns in the study area, two are in Categories of 
Concern: the Least Tern (Sterna aniillarum) (classified by the FGFWFC as Threatened), 
and the Roseate Tern (S. dougailii) (classified by both the FGFWFC and USFWS as 
Threatened). 


Skimmers (Suborder Lari, Family Laridae:Rynchopinae) 


The world’s three species of skimmers forage by flying very low, with the elongated 
lower mandible held in the water and the upper mandible elevated. When small fish or 
other prey are encountered, the mandibles snap shut. Skimmers are crepuscular and 
nocturnal in foraging, occasionally diurnal. The Black Skimmer (Rynchops niger), which 
occurs in the study area, is a Winter Resident as well as a Permanent Resident 
(Table 9.3). A small number has been found breeding in the Dry Tortugas. 
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LAND BIRDS 


Well more than 100 species of “land birds” occur within the study area. Those 
considered here represent seven orders: Columbiformes (Pigeons), Cuculiformes 
(Cuckoos), Strigiformes (Owls), Caprimulgiformes (Nighthawks), Coraciiformes 
(Kingfishers), Piciformes (Woodpeckers), and Passeriformes (Passcrine Birds). 


Land birds typically are not modified for aquatic life. Birds that live in the canopy 
of the mangrove trees, for example, are integral parts of an ecological community, a 
marine swamp forest. The hardwood tropical forests of the Florida Keys are not as 
obviously marine-influenced as are the mangroves, but here too, marine factors influence 
their existence. It is difficult to envision any habitats within or close by the study arca 
that would not be strongly influenced by activitics coincident to oil prospecting, storage, 
and transportation. Degradation of mangroves and nearby terrestrial habitats could 
affect portions of land bird populations of the study arca. 


Land birds in the study areca can be grouped into five categories (Table 9.4): 


@ The West Indian avifaunal element. Considerable interest is attached to 
birds of this category. Records of recent decades show that numerous 
West Indian species reach South Florida rather regularly (Robertson 
and Kushlan 1974). Over time, some of these have obviously been able 
to colonize the Keys and the southern rim of the peninsula. Some 
colonizations have spread northward in Florida. The specics profiles 
(Appendix B) contain information about specics whose populations 
(Outside of West Indian arcas) are cither cntirely or largely restricted to 
the study arca or, if they have extended their ranges northward, are 
represenicd in the study arca by substantial populations. Examples are 
Antillean Nighthawk (Chordeiles gundlachii), Mangreve Cuckoo (Coccyzus 
minor), and Mourning Dove (Zenaida macroura macroura),. 


B Endemic subspecies. These are birds that, alihough representative of 
species of the North American avifauna, are recognizable subspecies 
endemic to the Florida Keys and the nearby mainland. Found on the Keys 
and adjacent parts of the peninsula are subspecies adapted to the sub- 
tropical conditions of these arcas. These populations arc, of course, unique. 
Large-scale degradation of coastal ccological communitics could endanger 
these birds. Examples are Cape Sable Seaside Sparrow (Ammodramus 
maritimus mirabilis) and Prairie Warbler (Dendroica discolor paludicola). 
The Cape Sable Scaside Sparrow is an Endangered species (USFWS and 
FGFWFC). 


s st SS the study area in s fall. Many 
species of land birds pass across the Gulf of Mexico to and from wintering 
ranges in South America. Smalicr numbers of specics, but ofien represen- 
ted by large populations, migrate through the Florida peninsula to and from 
the West Indics and/or South America. Some specics of the latter group 
could be affected by changes in the ccology of the marinc-bordcring habitats 
of the study arca. Examples are Barn Swallow (Hirundo rustica) and Cape 
May Warbler (Dendroica tigrina). 


est 


Table 9.4. Land birds known to occur in the study area. 


Category of 
Species Seasonairty* Promary Habrtat(s) Foraging Concerne 
WEST INDIAN ELEMENT 
Antillean areas for ground in than’, pursues 
(Chordeiles’ quadiachi on Mey-Jut a Aandtills. hope ted cots - 
gr . Pastures, etc 
Black-whiskered Vireo SR Mangroves and some Canopy gieaner 
(Vireo aitdoquus) Apr-Sep boring growth 
Yellow Warbler PR (since 1943 oves Forages ca for 
peiectna gundiacti) Breeds. Jan-Ju — awettebraies 
Gray Kingbuwd oves, pineland ‘Hawks’ for insects 
(Tyrannus domuycensis) a” May-Jul urban areas, etc 
ove Cuckoo PR a oves. Wenicel hammock Arboreal gleans 
+ ee munor) Breeds May-Jul ach scrub 
PR Open, terrestrial areas Ground-for . on 
_ ohepecea Breeds many grain and seed 
a West indian subspecies) months 
Open areas with scattered in flocks through low 
Ree oo Bheds Mar-Nov grown. dens. heids gr & on Ground, for 
cle ~~ insects (espec ¥ 
grasshoppers. izards) 
ite-crowned Pi PR, SR oves (nests) and Arboreal, frugivorous T . FGFWFC 
“Colombe leucoc naafinciog uend “" UR2 - USFWS 


ENDEMIC SUBSPECIES 
Sable Seaside 
y ote de aoe yp 
Praine Warbler 
discolor paludicola) 
MIGRANTS 


4 Swallow 
indo rustica) 


kpoll Warbler 
ca striata) 


MV 
Jul Oct 


My 
Apr May 


nn <4 
ps ver 
ypress oan treshe er) 
Mangroves 


Au space low over the 
study area, May roost in 


mangroves or trees 
Forest c - froOstINg 
and forag 


and USFWS 


St 1 


Gleans for small 
invertebrates 


While in flight, tor 
insects 


Forages in canopy 


st 


Table 94. (Continued) 


Category of 
Species Seasonality * Promary Habdat(s) Foraging Concerns 
Bobolink Mv Au space and o rand Or ground, for seeds 
(Dolchonyx oysworus) Apr-Ma with rowth Vigranees) and insects 
Aug Oc jor loragitg 
May Warbler Mv Forest canopy - roosting Forages inc for 
Ona griia) and foraging insects, worms, Dernes 
WINTER RESIDENTS 
Belted Kingfisher WR, Mv Clear water ‘marine, tresh) Hovers, plunge-dives 
(Ceryle aicyon) Aug Nov with suitab’- . “ches ” 
Mar May immediate by 
Ne ory Gnatcatcher wR Mengrove 4, tropical Gleans leaves for 
ohoptiia Ccaerusea) Jul-Apr harm kS, o..Ourban invertebrates. 
landscaping, and parks fly catches 
P Warbler WR, My The landscape. needs open The ground. feids 
orca Palnarumn) May spaces and roosting trees ui Woral arecs 
c insects 
Tree Swatiow The land us roostin While in , forages 
(lachycaneta bicolor) Aug May trees, Conne wees, ’ for eotta ee Sn 
msects tr bushes, trees 
for tr 
Yellow-belhed Sapsucker wR Menproves tropical hammochs. Drilis from 
(Sphyrapicus varius) Oct-May and trees anywhere which forages for sap 


PERMANENT RESIDENTS 


owing Owl 
peng Kt 

i-bethed Woodpecker 
pote. cordinust 


Red winged Blackbwd 
Agelanus phoenceus) 


White eyed Vireo 
(Vireo griseus) 


PR 
Breeds Nov-May 


PR 
Breeds Feb-Jul 


PR 
Breeds May-Jul 


PR 
Breeds Feb Jul 


Open ground with of 
sol lo) basen lonahae. 
prames, etc 


Densely of sparsely wooded 
areas 


Marshes, swampy habita’ 
also pastures, lawns. and 
open gr 


Understory thickets and 
bushes 


Tree trunks, and fruiting 


trees and shrubbery 


Within aquatic vegetation 
and on open ground 


Hunts and gieans 
methodically through 
fohage 


* My at 
s Oe Grabeete 


Visitor, PR 


Permanent Resident, SA « 


Threatened. SSC « pees s of Sp 
vulnerability and/or threat 1s lacking, FGFWF 6 


londa 


Summer Resident, WR = Winter Resident 
cial Concern. UR> « Under review tor etn 
ame and Fresh Water Fish Commission. USFWS « US. Fish and Wiiditte Service 
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While some species, depending upon weather conditions and their physio- 
logical states, overfly the areas without stopping, others stop and remain for 
periods within the marine-bordering habitats to rest, feed, and build up fat 
reserves necessary for their long flights and to await appropriate meteoro- 
logical conditions for resumption of their journeys. Mangrove forests, 
tropical hammocks, salt marshes, coastal prairies, etc., are landfalls for many 
migrants coming from the south. Since these birds, often flying against 
headwinds, can be approaching exhaustion, food and shelter are vital for 
continued migration. 


@ Land birds wintering in the study area. Within the study area are numer- 
ous land birds dependent upon the habitats for appropriate foraging and 


shelter during a part of the year. Some, before migrating in spring, build 
up the fat that will help sustain them in their northward migrations as well 
as possibly maintain them briefly in their breeding habitats if these are 
ecologically unsuitable when they arrive. Examples are Belted Kingfisher 
(Ceryle alcyon), Blue-gray Gnatcatcher (Polioptila caerulea), and Yellow- 
bellied Sapsucker (Sphyrapicus varius). 


@ Permanent residents common to the southeastern U.S. and South Florida. 
Land birds discussed here are Temperate Zone species representative of 
species Permanently Resident on the Florida peninsula; their ranges extend 
onto the Florida Keys. They are integral parts of the ecological communi- 
ties of the study area. Examples are Burrowing Owl (Athene cunicularia), 
Red-winged Blackbird (Agelaius phoeniceus), and White-eyed Vireo (Vireo 
griseus). 


Any considerable altcration of the ecology of the land birds’ marine-bordering 
habitats can affect their populaiions. The energy these birds require is derived from the 
plant and animal products of the habitats. This energy may be critical to their repro- 
duction, their migrations, and their very survival. The habitats afford them the shelter 
an animal requires. Many of these populations are unique. The species represented are 
“fine-tuned,” so to speak, in their adaptations as well as in their “traditions” to this very 
small place in the world. 


Pigeons and Doves (Order Columbiformes, Family Columbidae) 


Pigeons and doves are not usually considered in the context of maritime birds. Two 
species of this family, representative of the West Indian avifauna, however, can be of 
concern in relation to oil and gas operations in the study area. The White-crowned 
Pigeon (Columba leucocephala), a Species of Special Concern, breeds on mangrove isicts 
along the extent of the Florida Keys to the Marquesas, throughout Florida Bay, and 
along the southern rim of the peninsula. A portion of the breeding population migrates 
to winter in Cuba, the Bahamas, and other Caribbean islands where others of the 
species nest. The White-crowned Pigeon is a unique component of the mangrove 
ecosystem (Owre 1978). Elsewhere in its range, the species has experienced drastic 
declines in numbers and has been extirpated from some islands (Wiley and Wiley 1979). 
Florida is one of few places where adults and squabs are not hunted. Long-term 
damage to and/or disturbance within large areas of the red mangroves would be serious 
for this population. 


The West Indian subspecies of the Mourning Dove (Zenaida macroura macroura), a 
Permanent Resident of the area, is abundani throughout the Keys and adjacent portions 
of the peninsula. Mourning Doves are foragers in upland areas, and vulnerability to oil 
Spills would seem remote; they would respond, however, to degradation of land arcas. 
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Cuckoos and Anis (Order Cuculiformes, Family Cuculidae) 


Cuckoos are widely distributed over the world. Most species are arboreal, but a 
few, such as the Roadrunner, are terrestrial. The arboreal species are secretive and 
spend much of their time in thick foliage where they specialize in foraging for cater- 
pillars and other insects. Their loud, unmusical calls are startling. 


Three arboreal cuckoos occur in the study area. The Yellow-billed Cuckoo 
(Coccyzus americanus) is a spring-fall migrant and a Summer Resident. The Black-billed 
Cuckoo (Coccyzus erythropthalmus) is a spring-fall migrant. The Mangrove Cuckoo 
(Coccyzus minor), the only cuckoo discussed in the species profiles (Appendix B), is a 
West Indian, Central, and South American bird found also in South Florida. It is, to a 
large extent, a bird of the mangrove forest. The Smooth-billed Ani (Crotophaga ani) is 
a bird of open areas where it moves about in small groups. Its affinities lie to the 
south of Florida and it appears to have introduced itself into the State. 


Owls (Order Strigiformes, Family Strigidae) 


Two large owls of this family of nocturnal raptors are found throughout the main- 
land rim of the study area: the Great Horned Owl (Bubo virginianus) and the Barred 
Owl (Strix varia). A medium-sized owl, the Barn-owl (Tyio alba) (of the owl family 
Tytonidae), and two additional species, the Short-eared Owl (Asio flammeus) and the 
Eastern Screech-owl (Omus asio), occur infrequently in the Florida Keys. The Burrowing 
Owl (Athene cunicularia), the only owl discussed in the species profiles (Appendix B), is 
a Species of Special Concern found in the study area. 


Nighthawks (Order Caprimulgiformes, Family Caprimulgidae) 


In nighthawks, the gape (mouth opening) is very large. Insects and even very small 
flying birds are caught as the birds dart about in flight. Caprimulgids are nocturnal, and 
they nest on the ground. 


Most North American species, including the four found in Florida, are highly 
migratory, wintering in South America. The Antillean Nighthawk (Chordeiles 
gundlachii), described in the species profiles (Appendix B), occurs locally in South 
Florida and the study area. 


Kingfishers (Order Coraciiformes, Family Alcedinidae) 


Some species of kingfishers are atypical land birds in that they forage within aquatic 
Situations for their food. The Belted Kingfisher (Ceryle alcyon), discussed in the species 
profiles (Appendix B), breeds throughout a large portion of North America. It nests in 
holes which it digs in hillsides, highway cuts, etc. Northern birds are highly migratory 
and winter in areas of open water. 


Woodpeckers and Sapsuckers (Order Piciformes, Family Picidae) 


Woodpeckers are adapted to forage upon tree trunks and branches. Adaptations 
include clinging to bark and propping themselves against it as well as chiseling and 
excavating into wood for insects and their larvae; some excavate holes in bark to obtain 
sap. Most will eat berries. Woodpeckers are important residents of forests everywhere, 
including mangrove forests and neighboring tropical hammocks of the study area. 


Two species are included in the species profiles (Appendix B): the Red-bellied 
Woodpecker (Melanerpes carolinus), a Permanent Resident that excavates for insects and 
eats fruit; and the Yellow-bellied Sapsucker (Sphyrapicus varius), a Winter Resident that 
exploits mangroves and other trees for sap. 
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Flycatchers (Order Passeriformes, Family Tyrannidae) 


The New World Fiycatchers are typically solitary and arboreal. When foraging, they 
perch in exposed places and dart out in pursuit of passing insects. Northern species are 
highly migratory and many pass through South Florida en route to and from South 
America. A few, such as the familiar Phoebe (Sayornis phoebe), winter here; it is not 
included in the species profiles (Appendix B). The Gray Kingbird (Tyrannus 
dominicensis), discussed in the species profiles, migrates from South America to breed in 
South Florida, pariicularly in and about the mangrove forests. 


Swallows (Order Passeriformes, Family Hirundinidae) 


Swallows are among the most aerial of birds, most of their daytime hours being 
spent in the air. Foraging is entirely on the wing. 


Of the nine species found north of Mexico, two are discussed in the species profiles 
(Appendix B). A part of the population of the Barn Swallow (Hirundo rustica) funncls 
through Florida and goes southward into South America, returning in spring. The Tree 
Swallow (Tachycineta bicolor) winters in large numbers in the study areca. 


Old World Warblers (Order Passeriformes, Family Muscicapidae: 
Sylviinae) 


There are only a few representatives of the Old World Warblers in North America. 
These are tiny, extremely active insectivorous birds. The Blue-gray Gnatcatcher 
(Polioptila caerulea), discussed in the species profiles (Appendix B), is a Winter Resident 
of the study area. It holds a territory on its wintering grounds and searches the outer 
foliage of the tree canopics, bushes, and other dense growth. Occasionally the birds 
flycatch and cat berrics. As most Sylviins, the birds are quite vocal and have an 
Outstanding song. 


Vireos (Order Passeriformes, Family Vireonidae) 


Vireos are small songbirds of New World forests. Largely insectivorous, most North 
American species are highly migratory. A few winter in southern states. In Florida, 
one species, the White-eyed Vireo (Virco griseus), is a Permancnt Resident. All specics 
are canopy foragers, some high in the tree foliage, some in lower-story forest growth. 
Deliberate in their activities, all gican for insects and larvae and usually will also cat 
berries. Two vircos of the study area are discussed in the species profiles (Appendix B). 
The Black-whiskered Vireo (V. al/tiloquus) migrates from South America and nests in the 
mangrove forests. The White-cyed Vireo, a Permanent Resident, forages in bushes and 
thickets upland of the mangroves. The songs of these two vircos are picturesque parts 
of the study area’s landscapes. 


New World Warblers (Order Passeriformes, Family Emberizidae: 
Parulinae) 


More than 50 specics of American Wood Warblers are found in North America. 
Breeding specics occur from Alaska and northern Canada southward through the 
Continent. Northern species of these insectivorous birds are strongly migratory, entire 
populations of some crossing the Continent to winter in the West Indies and South 
America. Some of these throng through the study area en route to and from the West 
Indies and South America. Two, the Cape May Warbler (Dendroica tigrina) and the 
Blackpoll Warbler (D. striata), are discussed in the species profiles (Appendix B). Some 
species, such as the Palm Warbler (D. palmarum), which becomes very common, winter 
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in Florida and in the study area (sce discussion). One specics, the Cuban Yellow 
Warbler (D. petechia gundlachi), discussed in the species profiles, is a colonizing species 
from the West Indies that has established itsclf in the mangrove forests of the study 
urea. The mangrove forest is the habitat of the endemic subspecies of the Prairie 
Warbler (D. discolor paludicola) (discussed in the species profiles) which here is a 
Subspecies endemic to the mangroves. 


Blackbirds and Orioles (Order Passeriformes, Family Emberizidae: 
Icterinae) 


This is a heterogeneous taxon of birds with respect to plumage patterning, size, and 
social organization. Many specics of New World birds belong to this taxon: orioles 
(troupials), cowbirds, mcadowlarks, grackles, blackbirds, etc. Two of the species are 
discussed in the species profiles (Appendix B). The Bobolink (Dolichonyx oryzivorus), a 
migrant that passes through the study arca, performs onc of the longest migrations of 
land birds. The Red-winged Blackbird (Agelaius phoeniceus) is a Permanent Resident of 
Our marshes and marsh-bordering arcas of the landscape. 


Sparrows (Order Passeriformes, Family Emberizidae:Emberizinae) 


The Emberizinae is the taxon of the New World finches including towhces, juncos, 
Snow Buntings, and the many species of streaked sparrows. The Cape Sable Seaside 
Sparrow (Anmvnodramus maritimus mirabilis), an Endangered species (FGFWFC and 
USFWS), is a Permanent Resident of the study area. The range of this subspecies was 
formerly restricted to four areas within extreme South Florida. The Cape Sable Seaside 
Sparrow's range within the cord grass (Spartina bakeri) marsh stretched from Flamingo 
to northwestern Cape Sable and is now unoccupied, or apparently so (Kushlan and Bass 
1983) as is the Ochopee-Carnestown range. The remaining areas of its range are inland 
from the coast: East Everglades, Taylor's Slough, and Big Cypress National Preserve. 
The remaining population in 1981 was 6,600 birds (Kushlan and Bass 1983). The 
present inland habitats of this subspecies would seem to render it sufficiently removed 
from the dangers of floating spills. 


CONCLUSIONS 
Oil and the Avifauna 


More than 150 species of birds known to occur within the study area have been 
considered in this chapter. These species, by virtue of their habitats and habits, 
represent differing degrees of vulnerability to oil pollution. Appropriate conditions 
prevailing, however, any of them can be strongly affected, c.g.: 


@ The pelagic species (shearwaters, peirels, storm-petrels, tropicbirds, boobies, 
phalaropes, several terns, ctc.) that spend their non-nesting months at sea. 


a vulnerable coastal and es s that swim su fi 
their prey (loons, grebes, cormorants, anhingas, mergansers, ctc.). 


@ The many coastal and estuarine species that pluck food from the surface or 
plunge shallowly for it (frigatcbirds, ospreys, Bald Eagles, gulls, many species 
of terns, etc.). 


@ The surface-swimming birds (pelicans and the ducks and coots that may 


grub up food or dive in search of it). 
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@ The long-legged wading birds (herons, egrets, ibises, spoonbills, storks, etc.). 


@ The widely diversified assemblage of shorebirds that run and forage along 
sandy beaches and mudflats (plovers and sandpipers). 


@ The scavencers of the shorelines (vultures, eagles, gulls, crows, etc.). 


@ The diversified inhabitants of the mangrove forests (rails, pigeons, cuckoos, 


warblers, etc.). 


@ The inhabitants of the coastal marshes and prairies and the tropical 
hammocks and upland growth that border marine ecosystems. 


There is a "hard" approach to avifaunal mortality from oil pollution. Some specics 
of marine birds in the far northern oceans occur in the hundreds of thousands and even 
millions. For these species, mortality has been rationalized as but a small percentage of 
the total annual mortality. As such, species numbers should not be affected. But South 
Florida is not the Arctic. Numbers of most species in the study area are much smaller. 
Many number in but thousands or even hundreds of individuals. Mortality in such 
populations can be critical indeed. 


There is a very special point to be made about extirpating even portions of an 
avifauna. Hochbaum (1955) helped direct our thinking to the “traditions” of wildlife, 
especially birds. Destroy a breeding population, a wintering population, or even the 
population that pauses at certain points in migration, and in succeeding years, no others 
of the species may come here. There are none now who "know" these surroundings to 
which they were imprinted. Their traditions have been broken. 


Many of the assemblages of birds breeding in the study area are believed to be 
distinct subpopulations of their species. They have their traditions to these areas and, 
in addition, they have, assumedly, unique gene pools. They are finely adapted to these 
particular environments. Such adaptations are not achieved quickly. The white and 
blue morphs of the Great Blue Heron fall into this category, as well as the Reddish 
Egret and the Roseate Spoonbill. 


Mortality and sublethal effects from oiling in South Florida could have not only 
local but continent-wide ramifications, with such also being expressed in the West 
Indies, South America, and distant pelagic areas of the Southern Hemisphere. The 
avifauna of the study area is variously adapted for pelagic, offshore, inshore littoral, and 
terrestrial habitats interfacing with coastal marine areas. This is not a sedentary 
avifauna; it is by no means entirely, or evenly largely, non-migratory. Changes occur 
seasonally in species diversity and species population densities, as well as intra- 
population composition. Migrants from Temperate Zone prairies and forests, far 
western plains and lakes, the Arctic, the Subarctic, as well as the Neotropics, reach 
South Florida: some to winter; some to summer and nest; and some to pass through the 
State en route to and from the West Indies, South America, and distant pelagic points. 
Some pelagic visitors are inter-hemispheric. Young and adults of many nesting specics 
disperse widely after nesting, and dispersers from outside the study area arrive after 
their nesting. 


Contemplation of oil pollution usually envisions accidents at the drilling rig or in 
transportation, resulting in abrupt release of quantities of oil, producing rapid mortality 
and habitat degradation. But avifaunal mortality and habitat degradation may occur 
Slowly and just as surely. With oil production under way, oil-tanker traffic will increase. 
So, too, will spills at the taking on of oil, at flushings of oil tanks, and around all of the 
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activities involving oil in the environment. Oil tankers may run aground, as several 
freighters have done recently in the Florida Keys and Dry Tortugas. 


It may be difficult for the non-biologist to think of ecosystems and their habitats as 
irreplaceable. Usually, there is more of the same somewhere else. For example, the 
Tundra, the Taiga, and the Prairies extend for hundreds of miles of latitude. If portions 
of these areas are compromised, there is always more. But such thinking does not apply 
to the study area. There is no other Florida Bay, no other Dry Tortugas, and in the 
continental U.S., no other mangrove forests or tropical hammocks such as we have in 
South Florida. If these areas are compromised, they cannot be replaced. They cannot 
be cleaned, rehabilitated, or mitigated somewhere else. Mangrove muck retains oil for 
many years, and oiled beaches are slow to cleanse themselves. Once degradation of the 
habitat begins, the avifauna is compromised. 


Harvard University’s noted biologist, Thomas Barbour, wrote of Florida as “that 
vanishing Eden" (Barbour 1944). He described Florida as one of the most extraordinary 
States in the Union. Florida, he said. proved to be "an easy state for man to ruin" and 
“he has ruined it with ruthless efficiency.". Florida Bay and the Everglades, the Ten 
Thousand Islands and the Southwest Florida coast, the Drv Tortugas, the Lower Keys 
wildlife refuges, John Pennekamp Coral Reef State Park, ctc.--these are precious 
remnants of the extraordinary staic Florida once was. The growing traffic of oil-laden 
vessels, the increasing problem of near-empty oil tanks flushed into open waters, and the 
possibility of spills from oil and gas prospecting offshore South Florida all pose threats 
to these unique, fragile ecosystems, which are critical to South Florida’s avifauna. 


Information Needs 


The avifauna of South Florida’s inshore, littoral, salt marsh, mangrove and marine- 
interfacing inland habitats is well known in terms of general life-histories and season- 
alities of occurrence. What is lacking is information about the pelagic birds which occur 
offshore. There is also a lack of information about the movements and derivations of 
some populations, such as wading birds (herons, etc.) and shorebirds (plovers, sand- 
pipers, gulls, terns, etc.). 


Each spring, large numbers of Greater Shearwaters, Sooty Shearwaters, and 
Wilson’s Storm-Petrels migrate from breeding areas in the South Atlantic to water 
masses of the North Atlantic. Substantial numbers of these pelagic species pass offshore 
South Florida during May to June. How many funnel through the Straits of Florida we 
can only infer from offshore counts that have been made at points to the north (i.e., 
offshore coastal southeastern U.S.). Each fall, tundra-bred populations of phalaropes 
(i.e., the Red Phalarope and Red-necked Phalarope) pass southward offshore South 
Florida in migration to pelagic waters of the Southern Hemisphere. The phalaropes 
collect and linger in Gulf Stream upwellings (Haney 1986b). In fall, Cory’s Shearwaters 
reach Florida’s Atlantic coastal waters from their breeding areas in the eastern Atlantic; 
some pass On into the Gulf of Mexico. These are not the only pelagic species frequent- 
ing offshore waters of South Florida. In any season, pelagic birds of numerous species 
may be found, some in migration, some while foraging from nesting grounds outside 
Florida, some as post-breeding dispersers, and some simply as Casual Visitors. These 
individuals of mixed species constitute what is known as a pelagic “community” of 
birds--a term first used by Jespersen (1929) in describing the birds over the "High 
Atlantic Ocean." 


The Gulf of Mexico, including the offshore waters of Southwest Florida, the occans 
surrounding the Lower Florida Keys and the Dry Tortugas, and the contiguous waters of 
Florida Bay, has its community of pelagic birds, the species components changing 
seasonally. Whai are the sources of these birds? Not all are sedentary in the Gulf. 
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The Northern Gannet population from Newfoundland migrates south along the Atlantic 
coast and winters offshore in the Gulf (Nelson 1978). The gannets enter the Gulf 
through the Straits of Florida, presumably passing between Cay Sal Bank and the 
Florida Keys. What of the shearwaters, petrels, storm-petrels, jaegers, etc. that enter the 
Gulf? Do they enter through the Straits of Florida and in what numbers? How many 
enter through the Straits of Yucatan? 


An established procedure for gathering information about birds in the pelagic 
environment is by oceanic transects. From the context of needed knowledge as expres- 
sed in the preceding paragraphs, such transects should pass between (1) Key Largo and 
the Great Bahama Bank; and (2) the Lower Keys to Cay Sal Bank and then to Cuban 
territorial waters. A not mandatory, but useful, transect would be one laid out to 
census the pelagic birds joining the Gulf Stream via the Northwest Providence Channel. 
The data would not concern the study area, but might indeed indicate that fewer birds 
than now suspected pass through the Straits of Florida. If the transects were run often 
enough, back and forth at least once a week for a year, and if they were adequately 
manned with qualified personnel, an enormous amount of information would be gather- 
ed. Such information has been gathered offshore North Carolina coastal areas 
(Lee 1986), and offshore the Central Florida Gulf coast by a few sporadic trips 
(Buhrman and Hopkins 1978); these studies have been abundantly quoted and stand as 
important, and they are, but they represent an entirely inadequate series of samples. 


Perhaps Cuban ornithologists could participate in transects from Cay Sal Bank to 
the Cuban coast, and supply information regarding pelagic birds nesting on islets of 
Cuba’s north coast. This would increase our appreciation of the origin of some of the 
Study area’s pelagic birds. 


Certain pelagic species (i.c., Audubon’s Shearwater) and near-pelagic ones (i.c., 
Bridled Tern) which do not nest in Florida occur in offshore and even inshore waters of 
the study area throughout the year. Many of these must come from nearby nesting 
colonies of these birds. On the extensive Cay Sal Bank, <100 km (54 nmi) south of the 
Upper Keys, are numerous cays (islands) and rocks (e.g., Anguilla Cays, Cay Sal, Damas 
Cays, Double Headed Shot Cays, Dog Rocks, and Elbow Cay). Various cays and rocks 
lie south of Bimini in the western Bahamas Islands. Most of these probably are used 
for nesting by Audubon Shearwaters, Bridled Terns, Brown Noddies, and others. 
Modern censuses of breeding seabirds on these islands, particularly those of Cay Sal 
Bank, are required in order to fully document populations of these birds that forage 
near and within the study area. This information will also be important in under- 
Standing the magnitude of the problem to be faced should oil spills from prospecting 
areas or from ship traffic spread to these nearby areas. 


For the information of petroleum-oriented interests, it is suggested that a summary 
of seabird breeding islets, rocks, pinnacles, etc. for the Straits of Florida, including the 
area from western Cuba, the Dry Tortugas, Cay Sal Bank, the Great Bahama Bank, and 
Andros Island through the Little Bahamas Bank be published. This would be useful to 
the industry and to biologists, much as is the Florida Atlas of Breeding Sites for Herons 
and their Allies: 1976-1978 (Nesbitt et al. 1982). 


The wading birds (herons, egrets, ibises, storks, etc.) are an outstanding avian 
feature of South Florida and the study area. One of the most important gaps in 
information is with respect to the “derivation” of the populations of these species. More 
than a dozen of these breed in South Florida. To what extent are these birds seden- 
tary? To what extent have they migrated into the area to breed; and if so, from where? 
Wading birds are characterized by post-breeding dispersals. To what areas do our 
post-breeding birds disperse? In fall, populations of many species move into South 
Florida. Where have they come from? To what extent do they winter here? To what 
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extent do thev move on and, if so, where do they winter? Where do the spring 
migrants come from? Where are they going? Dispersion and movements of the wading 
bird species present in South Florida is a highly important subject. This knowledge is 
necessary if we are to appreciate and manage this important avifaunal resource. In the 
event of mortality of wading birds, what populations are at that season present? 


Banding techniques utilizing both USFWS bands and color bands, for quick field 
recognition, are a standard approach to understanding movements of birds. The 
movements of the Gray Heron (Ardea cinerea) of Eurasia and Africa are known in 
surprising detail (Rydzewski 1956). The same detailed information should be available 
for North American ciconiuds. Byrd (1978) made much progress with several specics. 
Ryder (1978) contributed information regarding the Snowy Egret. There has been 
banding and marking of South Florida birds. But this is needed on a large scale. The 
localities Of the nesting colonies of the study area’s herons are sufficiently well-known 
that banding of these birds could be accomplished in significant numbers. Where do 
our birds disperse and/or migrate to? Nesting colonics of the southeastern U.S. birds 
are also rather well-known. Wide-scale banding of these birds will supply information 
as to derivation of dispersers and migrants into the study area. Large-scale mortality of 
South Florida birds can then be extrapolated to consideration of effects on the popula- 
lions present al that time. These populations, it is important to point oul, may well be 
genetically distinct, and, as such, have unique physiologics, geographical and habitat 
orientations, and “traditions.” 


There is expanding inicrest and research effort with migratory paticrns and winter 
habitat use of shorebirds (plovers, sandpipers, ctc.). Individuals of many specics winter 
on beaches of South Florida within the study arca. Many more pause on these beaches 
during their long-distance migrations. Work such as that being carried out by Theodore 
Below, a National Audubon Socicty Research Warden stationed at Rookery Bay, should 
be expanded (sce Below 1989a,.b). We need to know much more about the local 
wintering populations and their movements and about the numbers that pause along our 
beaches in migration. Few birds are more directly threatened by oil spills than these 
birds that spend their non-breeding months on marine beaches and tidal flats. 


Finally, there exists a major information gap that hampers evaluation of the impor- 
tance of the local avifauna. Little information is available as to the total numbers of 
most North American species of birds. Clapp (1989) attempted to estimate populations 
of marine birds of the continent. There are few, if any, cstimates for wading bird 
populations, shorebird populations, raptor populations, cic. of the continent. Beginnings 
have been made in censusing regional populations of some species. Portnoy et al. 
(1981) prepared an atlas of coastal colonics of gulls, terns, pelicans, cormorants, and 
skimmer colonies from North Carolina to Key West. Seven regional investigators and 
numbers of other contributors gathered the information for this effort. The data are 
relatively old now (1976); the survey should be brought up to date and should be 
attempted over a much wider areca. Eventually we could achieve, at Icast for the 
populations of larger birds and colonial breeding ones, what has been achieved for 
waterfowl populations (Belirose 1980). For many years, however, we have had surpris- 
ingly realistic estimates of waterfowl populations (Bellrose 1980). If such information 
were available for at least some other taxa, we could beticr assess importance of local 
populations in the context of larger geographical arcas. We could also better appreciate 
the significance of the numbers of wading birds and species of marine birds migrating 
through the study arca and wintering there. Obtaining such information might not be 
of extraordinary difficulty. Local organizations of capable amateur and professional 
observers span the continent. The USFWS unit of Flyway Biologists ts a census-trained 
Organization that produces yearly determinations of waterfowl numbers (Hawkins ct al. 
1984). To this writer, it would seem that the larger wading birds could be censused 
continent-wide. 


362 


Birds 


REFERENCES CITED 


mainenance of environmental quality and high producuviy of desirable fishes. od. S. E. Snedaker and A. 
Lugo, H1-1156. Washington. DC: Bureau of $ Fishenes and Wildlife. 

Amencan Ornit * Umon. 1983. Check-list of North Amencan birds, tth Ed. Lawrence: Allen Press. inc. 

Ashmole, N. P. 1968. Body size. prey size. and coological segregation im five sympatric tropical terns (Aves: 
Landac). Svs. Zvol. 17:292-M4. 

Ashmole, N. P. 1971. Sea bird ecology and the manne environment. In Avian Biology, Vol 1, ed. D. S. Farmer 
and J. R. King. 223-286. New York: Academic Press. 

Audubon, J. J. 1831 1839. An ornithologcal biography, Vols. 1 to S. Philadelphia: FE. L. Cary, Vol. 1; A. and C. 


Black, Vols. 2 to 5. 
Barber. R. D., and J. B. Johnson. 1976. An offshore ing of Sabine’s Gulls. Fla Field Nana. 4.14. 


Barbour, T. 1944. That varushing Eden. Boston: Luttle. and Co. 
Belirose, F. C. 1980. Ducks, geese and swans of North Amenca. Harnsburg: Stackpole Books. 
Below, T. Se eee Gee See Say Report prepared for National Audubon 


uary. Naples. 
5 of colonial nesung, Southwest Florida, 1989. Report prepared for National Audubon 
Society, Rookery Bay Sanctuary. Naples. 
. B. 1970. Special review - after the “Torrey Canyon’ disaster. Jb 112:120-125. 
. T. Bancroft. 1989. Least Bittern nesting on mangrove keys in Plonda Bay. Fla Field 


T 
4 
1 A massive spring movement including three species new to North Carolina, at Cape 
Hatteras National Seashore. 4m. Birds 27.8 10. 
Oe See © 1978. Lieven pelagic tnps into the castern Gulf of Meuco. Fla Field 
Natur. 6.30-32. 
Burger, J. 1984. Shorebirds as manne animais. In Shorebirds, breeding behavior and ions, behavior of 
manne anrumals, Vol 5, ed. J. Burger and B. L. Ulla, 17-81. New York: Plenum Press. 
Burger, J. 1988. Foraging behavior in gulls: Differences m method, prey and habitat. Colonial Waterbirds 11:9- 


. Di and movements of sa North American Ciconiiformes. In Wading birds. ed. 
A. Sprunt [V, J. C. Ogden, and S. Winckler, 161-185. New York: National Audubon Society Research 


Clapp, R. B. 1989. Status trends in tions of marine birds of North America. Absiract of paper presented 
i Annual Meeting, Oct. 26-29, Key Largo. FL. (Abstract 31). 
Clapp, R. B., and W. B. Robertson, Jr. oo ee oe oo Oe 

ds 9113-116. 


| 
: 


ife Service, Office { Brological 


Clapp, R. B., D. y Cn eye Banks. 1983. Marine birds of the southeastern United States and Gulf 
r, Ameer Pt Ii. Charadriiformes. FWS/OBS-83/30. Washington, DC: U.S. Fish and Wildlife Service, 

Clark, R. B. 1984. Impact of oi! pollution on seabirds. Environ. Pollut, 33:1-22. 

Collie, M. R. 1978. A Sabine’s Gull at the bg: ig Field Nanar. 7:28. 

OP Be > SS ee ee ne . R. Hudson, E. M. Nicholson, M. A. Ogilvie, P. J 
. Olmey, C. S. Roselaar, K. H. Voous, D 


: R. Gillmor, P. A. D. Holiom, R. Hudson, E. M. Nicholson, M. A. _ 
. S. Olney, C. S. Roselaar, K. E. L. Simmons, K. H. Voous, D. 1. M. Wallace, J. Wattel, and 


— H., Jr. 1942. ee oe ee Gy GS Cae Rye eee agen ee the 


laboratory. Vol. 
Dinsmore, J. J. 1972. Tern behavior. Bull Fla. State Mus. (Biol Sci.) 16:129-179. 
Florida Game and Fresh Water Fish Commission. 1989. Official list of and poienually Endangered 


Conservation, Univ. of Florida Tech. Rep. No. 30. 
Fritts, T. H., A B. Irvine, R. D. ings, L. A. Collum, W. Hoffman, and M. A. McGehee. 1983. Turtles, birds 
of Mexico and nearby Atlantic waters. FWS/OBS 82/65. Washington, DC: 
U.S. Fish and Wildlife Service, Office of Bi Services. 
J. C., Jr. 1967. Extinct and vanishing birds of the world, Ind Rev. Ed New York: Dover Pubi.. Inc. 
Gusey, Pi gd fp 4 4 the South Atlantic coast. Houston: Shell Oil Co. 
ird affinities for Gulf Stream frontal eddies: Responses of mobile marine consumers to 
Remote 


present status of knowledge and long-term 
in southern Plorida. Fla Sci 4065-72. 


ae ee eee SS ee 
waterfowl in the Everglades estuaries. Am 


' Wintenng 
S54. Senssest Gotsibution of cxesinn Uinds to Mesth Cossfinn water 1995-2905, 4m Birds 40-409- 


High Atlantic Ocean. Verh. V1, Int. Ornith. Kongr.. 


bird 


an 1982 


of 


They fe 7h 


1926:163-172. 


and seabirds: The 


New 


onvirornernal 
London: Elsewer 


2 


White. 1977. 


Bass, Jr, and L. C 


and N. Paekint 


Jespersen, P. 1929. On the 
King .'G. and 


and feeding in the Anhinga and the Double-crested Cormorant. 


In Rare and 


In Audubon wildlife report 1985, od. R. L. Di Silvestro, 458-470. New 


Ke 


ie ay 


$2358 


et ses ee 


§S3¢ rile 


Cemury Co. 


shorebirds. Condor 77:73-83. 
. Hancock and J. A. Kushian, Vol. 7. New 


Endangered biota of Florida. Vol 2, Birds, od. Hi. W. 
1. New Haven: Yale Univ. Press. 


of Flonda. 

on 
predation 
New 


ht ¢ 


Kev 
Ss. F 


to 
US. 


Vol J. 
York: 
. ed. 


R. M. Erwin, and T. W. Custer. 1981. Adas of 


ork. Harper . 
w 


rennge 


and sharmners ) 


cal $ 
by wading birds in a subtropical estuary Implications of hydrography Auk 


of 


( 
Service, 


bis: 


104: ci. 


Powell, G. V. N 


Powell, G. V. N. 1987. Habitat used 


TM New York 


. L. Ola, 203- 


Shorebords 


. Powell, 
wintenng snencbieds. 1 
In 
4, ed. J. Burger and B 


aa 


migrations of the European Common Heron Ardea cinerca 


ecologecal “ais 
ashington, DC: U.S. Fish 


Florida koe FWS/OBS-82/58. W 


‘71-188. 
. and R. D. Drew. 1982. An 


956. The nomadic movements and 


a eae and 
New York: Picnum 
-tumped Storm Petrei off the 


Senner, S. E., and M. A Howe. 1984. Conservation of Nearctic shorebirds. In Shorebirds, 
BL, pret ongheys Vol $, od. J. Burger and B.C. Olla, 379-421. 
_ and TT 
Florida. 
1, R. 
Refineria P 
last 


365 


BLANE PAGE 


Jeo 


CHAPTER 10 
SUBMERGED CULTURAL RESOURCES 
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INTRODUCTION 


Like archeology performed on land, the preservation and study of submerged 
cultural resources affects our understanding of our origins and past history. Such 
remains serve as visible reminders of the human past and provide information that ts 
essential to our knowledge of how peopic lived in carlicr times. Information from 
submerged archeological sites illuminates the antiquity of Native American cultures in 
the New World and their adaptation to changing cnvironmental and social conditions. 
Similar understanding is available through the preservation and study of maicrial 
remains of Colonial and later periods in New World history. 


With the advent of improved tcchnologics for underwater exploration, there has 
arisen a corresponding need for preservation and study of submerged cultural remains. 
In the case of shipwrecks and other material remains from historic times in the New 
World, we often find that underwater studics provide ideas about how life was lived in 
the past that are not available through historic documents or that, indeed, may differ 
from those found in documentary accounts. It is now clear tw archeologists that the 
preservation and study of submerecd cultural resources ts essential to our understanding 
of both the historic and prehistoric past in the New World. 


But are there cultural resources on the outer continental shelf (OCS) of South 
Florida? If there arc, what inicgrity do they have’? Can one wentify them with current 
techniques’ And finally, can they be recovered, once found? The answers to these 
questions are key clements in the cultural resource management program of the 
Minerals Management Service (MMS). In answering these questions, we will make use 
of the following definitions (taken from MMS 1986): 


@ Detectability is the potential for state-of-the-art technology to locate the 
resource. Factors pertinent to detection include the size and composition of the 
resource, the water depth and/or depth of burial of the resource; and the survey 
line spacing, instrument type, and instrument scnsitivity necessary to locate the 
resource. 


®@ lHlabitability is the potcniial for a location to have been occupied by prehistiric 
human populations. Factors contributing to habitability are sca level chang 
and the existence of relict Pleistocene or Holocene landiorms. 


@ Recoverability is the ability to collect archeological resource information using 
current technology based on the depth of burial and/or the depth of water of 
the potential resources. 


@ Survivability is an esscssment of the effects of physical forces of processes such 
as glacial scouring, sca ice gouging, subacrial exposure, inict migration, 
transgressive seas, and scdimentation on a potential archcological resource. 


An additional feature of this chapter is that it recognizes as cssential to the 
management of the shelf: archeological resources the archeological contexts, research 
topics, and preservation priorities developed in Florida's Comprehensive Histonc 
Preservation Pian (Florida Department of State, Division of Historical Resources in 
prep.) as a framework for presenting the cultural history and management issucs of the 
relevant archeological periods for the study areca. These contexts, research topics, and 

ion priorities will be essential tools for management when resources are 
encountered in the study area and their significance must be cvaluated. 
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This chapter addresses cultural resources expected to exist on the shelf, which fall 
into two categories: (1) remains of prehistoric land use, and (2) remains of vessels lost 
over the last several thousand years. The first section discusses the expected nature and 
distribution of drowned prehistoric resources--those archeological sites which, duc to sea 
level rise over the last 12 millennia, have been covered by the sca and its accompanying 
(transgressive sand sheet. This process is expected to have protected some sites intact, 
while modifying or destroving others. Storms and currents are also expecied to have 
played a role in protecting or damaging these resources. Our current understanding of 
the exact effects of these processes on the cultural resources of the South Florida shelf 
is limited and additional dirccted studics will be critical for increasing our ability to 
predict accurately the nature and distcibution of drowned prehistoric cultural resources. 


The second part of this chapter discusses those vessels that have been lost on the 
Shelf and whose remains can be expected to survive. Such vessels include historic 
period as well as aboriginal canoes used for trade, fishing, transportation, etc. before the 
arrival of European sailing ships. The analysis of lost vesscls includes discussions of 
factors affecting vessel loss, the preservation of these vessels within the South Florida 
offshore environment, and predictive modeling for their distribution. 


A third section of this chapter discusses current issucs in the management of 
cultural resources. Included are issucs raiscd by the State of Florida and issues relating 
to cultural resources beyond State-controlled waters. The final section presents a 
summary of findings, a discussion of data gaps, and recommendations for additional 
Studies that will help fill these gaps. 


DROWNED PREHISTORIC RESOURCES 
Archeological Contexts 


The prehistory of South Florida is best known for the most recent 4,000 years, that 
is, the time divisions systematized in the Late Archaic (Pre-Glades) and Glades sequence 
(see the recent reviews of Griffin 1988. 1989, Widmer 1988). Although encompassing 
important sites and cultural developments, notably the adaptive processes that resulted 
in the development of complex societies founded on hunting and gathering (a fairly rare 
phenomenon in world prehistory), these cultures are not directly pertinent to the 
current study because none of this archeological record, with the exception of sunken 
aboriginal boats, is likely to be located on the continental shelf; the exception to this 
gencralization will be considered in the section entitled Lost Vessels. 


By contrast, the eight millennia of South Florida’s prehistory prior to 4,000 years 
before present (4000 BP) are relatively poorly known, in large measure because most of 
the archeological evidence for this Jong period now lies beneath the sea. 


Paleoindian 


Human communities seem first to have entered South Florida around 12,000 BP. 
This date reflects local empirical knowledge, based on the tortoise kill at Little Salt 
Spring (Clausen et al. 1979), and slightly later (about 10,000 to 9000 BP) by occupation 
at this same site and at Warm Mineral Springs (Clausen et al. 1975) in Sarasota County 
and at the Cutler Fossil Site (Carr 1986) in Dade County. These Paleoindian localities 
and the Clovis and Dalton horizons to which they belong are not necessarily the earliest 
possible in South Florida or elsewhere in the Americas. Their ultimate status depends 
on resolution of the ongoing "pre-Clovis” controversy and the date of human 
colonization of North America (see Meltzer 1989 and literature cited there). The 
current study assumes a terminal Pleistocene date for human colonization of the 
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Americas, and takes 13,000 to 12,000 BP as the theoretically as well as empirically 
earliest date of human occupation in South Florida, even while recognizing that this 
position may be overturned by future research. 


Archaic 


The Early Archaic period (roughly 9000 to 7000 BP) is not certainly known to be 
represented in South Florida, and some commentators have suggested that the region 
was abandoned at this time (e.g., Widmer 1988). Such an extreme position is not 
warranted, particularly since the scarcity of locally occurring outcrops of lithic raw 
materials implies the importance of nonlithic tool kits in South Florida. In any case, 
this issue is an important one, particularly for zones of potential settlement now lying 
beneath the sea. 


Occupation becomes far more evident in the succeeding Middle Archaic period 
(7000 to 4000 BP), when large habitation and mortuary sites become relatively frequent; 
the Little Sait Spring (Clausen et al. 1979), Bay West (Beriault et al. 1981), and 
Windover (cf. Doran 1988) sites may be singled out as important localities recently 
investigated. At the same time, the pre-ceramic components at the bottoms of a few 
Shell middens on the Southwest Florida coast belong to this period (reviewed in Griffin 
1988), marking the approach of the paleoshoreline and the end of possible human 
occupation of zones now offshore. 


Habitability 


In order to evaluate ihe potential of the continental shelf for containing prehistoric 
resources, it is first essential to determine the potential of the subaereal (exposed) 
continental shelf for attracting humans and thus harboring remains of their activities. 
We use the term “habitability” to describe this potential. This summary review of trends 
in South Florida prehistory indicates that there were eight millennia of human 
occupation of the area at times when sca levels were lower than they are at present. 
Lower sea levels offered expanses of exposed continental shelf for human exploitation 
and location of settlements. Recent investigations in this subtidal zone elsewhere off 
the Florida Gulf coast have revealed traces of exactly this kind of human activity 
(presented in the next section), and analogous evidence surely exists in the waters off 
the South Florida coast. The purpose of the present section of this chapter is to review 
the environmental forces that structured human activity in earlier prehistoric times and 
io evaluate the probable distributions of submerged archeological sites. 


Sea Levels 


At the global scale, relative sea levels responded to glacial cycles, where sea levels 
drop as global water is ticd up in continental ice sheets during colder episodes, and 
then rise again as water is released by global warming. In different regions, this simple 
model is greatly complicated by crustal movements in response to loading and unloading 
of ice sheets, marine water, and sedimentation and to tectonic events. This complexity 
of local and regional factors means that local marine regression-transgression cycles 
must be judged on the strength of local geomorphological evidence. Various models at 
the global scale suggest that the most recent regression-transgression cycle was greater 
than 100 m in amplitude, that is, that sea levels were at least 100 m below the present 
level at about 18,000 BP, with progressively rising levels during the terminal Late 
Pleistocene and earlier Holocene as global temperatures increased. This model also 
presents a complex transgressive process, with minor transgression-regression fluctuations 
on the order of 1 to 3 m during the past 7,000 years (see for example Milliman and 
Emery 1968; Lind 1969; Morner 1976; Fairbridge 1984). 
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While several recent models of carly human occupation of South Florida rely on 
these global models, particularly with respect to amplitude of the raost recent 
transgression (e.g., Widmer 1988), such models scem inappropiiate for this region. 
Dated in-place features off the Atlantic coast of the southeastern U.S. imply a much 
shallower relative low sea stand at the end of the Pleistocene, with sea levels of -35 m 
at 12,000 BP, when human occupation is first documented in Florida (Blackwelder et al. 
1979). In South Florida itself, dated peat deposits in the Florida Keys indicate a 
relative sea level of -15 m at this same date (Scholl et al. 1969; Robbin 1984; Shinn et 
al. 1989). Both of these new transgression curves imply paleoshorelines much closer to 
the modern littoral, and slower vertical and horizontal rates of transgression than those 
that would be obtained by application of global models to South Florida. 


The new transgression curve also better collates the available archeological and 
paleontological indications of prior occupation of the continental shelf in the eastern 
Gulf of Mexico. Drowned offshore archeological sites exist in up to 12 m of water, 
most notably at Ray Hole Spring where the local transgression is fixed by radiocarbon 
dates of roughly 8,200 BP on a sample of live oak and of roughly 7,400 BP on oyster 
shell (Anuskiewicz 1988a,b). This pair of dates brackets the local transgressive event, 
placing it in the early to mid eighth millennium BP; the timing and depth of this cvent 
would place it on the curve proposed by Blackwelder ct al. (1979). A commercial 
exploration for the Spanish galleons Nuestra Senora de Atocha and Santa Margania off 
the Marquesas Keys located a thick peat formation under 5 to 6 m of colian and/or 
waterborne sediments and in nearly 8 m of water. The peat contained various 
macroorganics, including mammoth or mastodon bone (D. Mathewson, pers. comm. 1979 
to C. Clausen). Because proboscideans became extinct in North America by about 
10,500 BP (Meltzer and Mead 1985), these bones provide a terminus ante quem for the 
peat deposit. This paleontological information does not precisely date a paleoshoreline 
position, which Mathewson believes to have been several meters lower than the peat 
formation, or on the order of 15 m below the modern position. But the locality docs 
affirm a relatively shallow post-Pleistocene transgression and the existence of intact 
terminal Plicis'ocene deposits on the continental shelf. 


Other drowned archeological sites in the region lie in up to 6 m of water, with 
cultural materials ranging from Paleoindian to Glades period in date (reviewed in 
Stright 1988; cf. Faught 1988a,b); most of these localities, especially the older ones, 
probably do not reflect paleoshoreline occupation, but rather the use of interior regions 
during the Holocene prior to about 5000 BP. Thus, while it cannot be used to confirm 
iransgression rates and positions of paleoshorelines, the recovery of materials from these 
archeological localities does demonstrate the existence of prehistoric cultural resources 
on the continental shelf, now under the sea. 


The fundamental implication of these Holocene sea level data for modeling 
prehistoric site locations may be simply put: archeological sites will not occur in waters 
more than 45 to 50 m deep because these bathymetric zones were already covered by 
seawater when humans first entered South Florida at about 12,000 BP. This evaluation 
of sea level during the Paleoizdian period is a conservative one, because much of the 
evidence reviewed above points to a -15 m level at 12,000 BP, at least in the area of the 
Florida Keys. The higher figure should be used until this fundamental research question 
is clarified and resolved. The conservative figure used here approximates the present 
consensus, especially in archeological circles (e.g., Coastal Environments, Inc. 1982; 
Daniel and Wisenbaker 1987; MMS 1990). The slower rates of transgression entailed by 
the new curve also bear consequences for the post-depositional disturbance and integrity 
of sites and for the physical conditions to which prehistoric human communities were 
adapted. The implications of this revised model for human paleoecology will be 
addressed in the next section. 
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Human Paleoecology 


The Holocene marine transgression represents a fundamental natural process in 
prehistoric occupation in South Florida, because of the surficial geological and 
hydrological conditions of the region. In its modern condition, South Florida is 
dominated by the extensive water table drainage provinces represented by the Everglades 
and Big Cypress Swamp. These large hydrological provinces are recharged bv local 
precipitation, which is provided by the abundant and seasonal rainfall of a tropical 
savannah regime. The level of this groundwater is controlled, grossly speaking, by the 
regional climate in conjunction with the hydrostatic forces of sea level. These two 
controlling factors are not independent. Because much of the moisture released as 
rainfall finds its origin in the high evapotranspiration rates of regional surface water, the 
perpetuation of the current hydrological system requires the existence of this surface 
water. The modern high relative sea levels satisfv this requirement by maintaining 4 
high water table; in the past, however, lower sca levels did not satisfy this requirement. 


Lake Okeechobee was formed around 6000 BP, and deposition of peat in the 
Everglades began around 5000 BP (Gleason ct al. 1984). Prior to this time, both sca 
levels and water-table levels were lower. Little Salt Spring and Warm Mineral Springs 
provide evidence for levels of water table at several times during the terminal 
Picistocene and carly Holocene (for exampie, -26 m at 13,500 BP, -11 to -12 m at 
11,000 to 10,000 BP, and -9.5 to -13 m at 10,000 to 9000 BP) (Clausen et al. 1975, 
1979). Under these circumstances, surface water was unavailable in the district now 
occupied by the Everglades, and hydrological regimes analogous to modern patterns 
were shifted seaward. The biotic communities associated with the modern hydrological 
conditions were also shifted seaward, and the interior of the peninsula presented an 
arid, desert-like landscape that lacks a modern analog. Even the biotic communitics 
that approximated modern ones existed under very different conditions. Because less 
surface water was available to evapotranspiration and resulting precipitation, and 
because a lower volume of surface runoff entailed smaller amounts of transported 
terrigenous nutricnts, the gladcs-like and coastal communities were smaller in extent and 
in biomass available to human exploitation. 


This connection between sea levels, surface water, climatic regime, and biotic 
communities is rcflected in the pollen sequence from the nearest studied area, Lake 
Annie (Watts 1975, 1980), which is supplemented by the pollen data from Warm 
Mineral Springs (Clausen et al. 1975; Sheldon and Cameron 1976) and Little Salt Spring 
(Clausen et al. 1979) in Sarasota County. These sources indicate a terminal Pleistocene 
aridity in South Florida, marked by a low water table and treeless floral communitics. 
During the Early Holocene, this plant cover was replaced by still xeric communities of 
oak scrub, composites, grasses and some pine. The bicakness of this landscape was 
ameliorated by more mesic communities around springs: some temperate hardwoods 
existed around Warm Mineral Springs and Little Salt Spring. These conditions were 
progressively altered through the carlier part of the Holocene by marine transgression, 
which laterally shifted coastal communities, near coastal freshwater basins, and the mesic 
oases Of surface water in karstic topography toward the interior until the formation of 
Lake Okeechobee set in motion the genesis of the modern landscape. 


The nature and distribution of modern ecosystems suggests that three systems were 
of particular importance to prehistoric foraging communities: mangroves, marine tropical 
meadows, and zones of tidal flow and/or rich current drainage (Widmer 1988). By 
contrast, high-energy shores and interior zones were far less productive and offered Icss 
inducement to human exploitation and settlement. (See Chapter 4 for presentation of 
these ecosystems in the modern landscape). On the basis of the implications of optimal 
foraging theory, Widmer models more recent aboriginal occupation in Southwest Florida 


372 


Submerged Cultural Resources 


as strongly oricnicd to the coastal resources contained in large arcas of mangrove and 
tropical meadows; the richness of these coastal zones, especially in the areas of 
Charlotte Harbor to San Carlos Bay and of the northern section of the Ten Thousand 
Islands, made possible evolution of the Calusa as a complex society based on hunting 
and gathering. This prediction of prehistoric population and settlement location ts 
confirmed by the results of Griffin's recent synthesis of Everglades prehistory (Griffin 
1988). Griffin shows that during the Glades periods, site locations were distributed in 
roughly equal proportions between coastal and interior scttings, Le., that both kinds of 
settings were effectively integrated within a subsistence sysiem. At the same time, 
populations (measured by the sizes of sites) were far denser on the coast, with 92° of 
aggregate site arca found in coastal mangroves. Thus, although people were present in 
the interior as well, the aggregate bulk of the population was coastal. 


In the interior, populations are closely tied to the surface water available in karstic 
topography. Dunbar's (1988) review of Paleoindian site location in Florida indicates a 
strong correlation between site density and surface topography, with 71° of sites 
occurring in the Tertiary Karst zone (i.c.. karstic formations on the surface, predominant 
in the northern part of the peninsula) but only 12% in the Outlying Region (ie¢., karstic 
formations under at least 35 m of overburden, including all of South Florida) as defined 
by Bush (1982) for the Florida Aquifer. Dunbar (1988) accounts for this distribution by 
pointing to the accessibility of water and knappabie lithic raw materials. With the lower 
water tables of the terminal Picistocene and Early Holocene, human communities would 
have been closely tied to such water sources as did cxist during the Archaic as well as 
Paleoindian periods in South Florida. The more arid environments of these periods 
imply a distribution of human activity even more strongly correlated with coastal and 
near-coastal zones than that documented by Griffin for later prehistoric times. 


Widmer (1988) further models paleoecosystems for successive periods of carlicr 
prehistory. He suggests that the modern distribution of ccosystems was in place by 
about 2700 BP, and that this distribution began to form around 5500 BP, when rates of 
transgression slowed sharply and alluvial scdimentation from the changing interior 
effectively began. Widmer argues that prior to 5500 BP, marine transgression was too 
rapid 10 permit any significant establishment of mature mangroves, stands of which in 
any case would be far less productive than modern forests because of the greatly 
reduced availability of terrigenous nutricnts introduced by runoff from the interior. For 
Widmer, then, human occupation prior to about 5500 BP was strongly onented to zones 
just inland of the coast, attracted by the zone of oases in karstic topography and 
associated mesic floral communities in an otherwise arid landscape. Widmer also 
distinguishes zones of potential resource availability, according to degree of karstic 
topography, abundance of watcr, and development of productive coastal ecosystems. In 
this aspect of his model, the zone with highest potential for human exploitation lies in 
the vicinity of Charlotte Harbor, with some fluctuation through time, while the zone 
with lowest potential contains all of the current study arca off the Southwest Florida 
coast. Widmer’s model thus implics a low intensity of prehistoric activity in the regions 
addressed in this report, with corresponding low density of archcological sites in arcas 
now covered by Gulf waters. 


While the general validity of Widmer’s model is conceded, its severity is open to 
challenge on several grounds. Danicl and Wisenbaker (1987) suggest that surface water 
sources and runoff may have been more abundant than Widmer's model posits, as a 
result of (1) greater compression of aquifers because of the increased atmosphere 
pressure of cooler summer temperatures, resulting in increased artesian activity, and 
(2) reduced evapotranspiration ratcs and consequent increased runoff rates that result 
from predominant grassland communitics. These factors may have increased somewhat 
the availability of water in interior zones during periods of lower sca level. For the 
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coastal zones, Griffin (1988) cites Chappell and Thom’s (1977) study in the Pacific to 
argue that mature mangroves could in fact become established even under the conditions 
of Widmer’s modelling of the transgression process, because Widmer underestimates the 
tidal range in which mangroves are successful. The slower rates of transgression implicit 
in the more recent Holocene curve leaves even more opportunity for the formation of 
mature mangroves. 


Further, Widmer suggests that hypersaline lagoons are the only other possible 
coastal ecosystem of any consequence prior to 5500 BP. This view is again contingent 
on high, uninterrupted rates of transgression and on low-to-nonexistent flow of surface 
water. The first of these assumptions runs contrary to the new transgression curve, and 
the second contradicts evidence from Florida Bay and Biscayne Bay. In the latter 
regard, the two bays scem to have been freshwater basins prior to their inundation by 
seawater around 4000 BP (Hoffmeister 1974; Van Arman 1984). Particularly in the 
Florida Bay setting, surface runoff would provide estuary-like conditions, while tropical 
meadows would occupy the shallow water just offshore. Thus, while not as productive 
as, nor distributed in proportions comparable to, the modern ecosystems, human 
foraging potential in South Florida was not as restricted as Widmer’s model predicts. 
Widmer also assumes a smooth transgressional process, disregarding both episodic 
sull-stands and Holocene sea levels higher than present. Events of the second kind 
have important implications for human ecology of prehistoric communitics on and 
adjacent to the modern coastline, but these fall outside the concerns of the current 
study. However, events of the first kind would generate temporary establishment of 
more maturely developed successions of littoral ecosystems, thus temporarily offering 
richer foraging opportunitics to human populations. 


Locational Models and Archeological Potential 


These various considerations help establish predictions for the location of human 
settlement on the continental shelf. In general, these predictions may be quickly stated 
as follows: 


® Occupation at water depths not exceeding 50 m. 
® Occupation in vicinity of karstic features. 


@ Occupation and quarries on drowned stream channels and rock outcrops within 
these channels. 


@ Occupation in association with drowned coastal features, and especially in 
conjunction with coastal peat deposits. 


® Activity near outcroppings of lithic raw materials. 
Survivability 


The survivability of a drowned prehistoric resource is determined by a number of 
factors. First, sea level rise (transgression) may eliminate, modify, or protect the 
resource (all of these effects are possible on the South Florida shelf). Second, currents 
may affect the integrity of the original transgressive sand sheet as water depths increase. 
Third, storm-generated currents may scour, cover, or otherwise modify the sand shect. 
Sediment loading from runoff of surface water from the land may cover resources, 
although this effect is limited or nonexistent on the South Florida shelf, because the 
area lacks large rivers. Finally, the modification of the resources’ local chemistry 
through waterborne chemicals, oil spills, or other sources may drastically modify the 
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preservation characteristics and thus the survivability of materials that would otherwise 
remain intact. 


Because the bathymetric characteristics of the study area are so variable, these 
general statements need to be assessed for at least two zones: (1) the gently sloping 
shelf off Southwest Florida; and (2) the ocean side of the Florida Keys, Marquesas Keys, 
and Dry Tortugas. As corollaries to their divergent topographies, these two zones 
present different versions of the Holocene transgressive process and of recent 
sedimentation history, provide disparate paleoecological potential for prehistoric 
occupation, and engender different processes of site burial and potential forces of site 
disturbance. A third potential bathymetric unit, Florida Bay, need not be considered 
here, as it lies inside the Three League Line (see Figure 10.1) and so would not be 
affected by routine oil and gas operations in Federal waters. 


Southwest Florida 


The nearshore continental margin of South Florida has as foundation a karstic 
surface probably developed in Miocene strata and overlain by subsequent depositional 
units. The inner shelf, which extends to about -70 m, is characterized by circular 
depressions up to 2 km (1 nmi) across, believed to represent a karstic topography, these 
features are prevalent to a depth of -40 m, and are covered by Recent sediments that 
thicken as they extend seaward and achieve depths of 10 m in the southern portion of 
the margin (see Chapter 2). This buried karstic topography satisfies two fundamental 
predictors of prehistoric site location, namely, depths up to -50 m and presence of 
potential sources of groundwater. The other predictors of site location are less 
evidently present in the inner margin of the shelf. Drowned drainages have been 
reported in water of 40 to 60 m north of Sanibel Island (Ballard and Uchupi 1970), 
Outside the study area. Although no definite drainages are reported further south, the 
existence of such channels as a consequence of runoff from karstic springs seems 
probable; these channels would be relatively shallow and now masked by subsequent 
sedimentation. Similarly, drowned coastal features are reported at depths in excess of 
50 m, notably near the 80-m, 70-m, and 60-m bathymetric contours, and again less 
continuously between the 40-m and 18-m bathymetric contours (Coastal Environments, 
Inc. 1977). In light of the current understanding of Holocene transgression, human 
occupation is potentially located with respect only to features within the latter set of 
bathymetric contours. These features, which seem to represent barrier beach and barricr 
Spit complexes, are once again Outside the study area, but their presence here suggests a 
likelihood that similar features exist in the area of concern. 


The various topographic elements suggest that the inner margin of the continental 
shelf provided habitats suitable for human exploitation, though the resulting occupations 
were less dense than those demonstrated for the more recent periods of South Florida 
prehistory. In particular, the presence of sinkholes potentially offers the resources of 
the more mesic habitats attractive to occupation away from terminal Pleistocene and 
Early Holocene shorelines, which themselves contained modestly rich ecosystems. The 
gentle slope and relatively low energy of the inner margin of the continental shelf in 
South Florida also imply relatively rapid burial of sites and anthropogenic deposits, and 
correspondingly low intensity of post-depositional disturbance or destruction by wave or 
current action, thus promoting high degrees of site integrity. In sum, then, this zone 
presents a high probability of encountering prehistoric sites during oil and gas drilling 
and associated operations. Avoidance of adverse effects upon prehistoric sites can be 
achieved by locating these activities away from obvious topographic features that predict 
site location between the Three League Line and the 50-m bathymetric contour. 
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Figure 10.1. Zones of potential prehistoric site locations in and near the study area. Southwest Florida and the Florida 
Keys are discussed separately in the text. The 50-m depth contour (dashed line) is the presumed outer 


boundary for prehistoric sites on the continental shelf. 
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In addition, remote sensing techniques, especially high-resolution scismic reflection 
profiling, must be applicd to oil and gas iease areas in order to locate those shallower 
topographic predictors now buried by more recent sediments. 

The Florida Keys 


The surficial geology of the Florida Keys is formed bw Pleistocene limestones; the 
fringes of these islands toward the Straits of Florida (ic., the Florida Reef Tract) are 
capped with Holocene sediments, notably coral reefs, coral rubble, carbonate recf sand 
and mud, unconformably lying on the Pleistocene formations. The Holocene deposits 
may attain considerable thicknesses, often in excess of 10 m, and sometimes extend over 
peat deposits at their base. The Marquesas Keys and Dry Tortugas are both formed by 
Holocene sediments; at the Dry Tortugas, these Holocene reef sediments are 14 m thick 
and again overlie Pleistocene limestones (Shinn et al. 1989). Holocene formations are 
not uniformly present through the area, however, as Pleistocene sediments are exposed 
in pockets that represent 5 to 25% of the bottom surface (sce Chapter 2). Scaward of 
this fringe of Holocene deposition, the shelf drops off quickly, over 100 m in 5 km 
(2.7 nmi). 


This general configuration and recent sedimentary history suggest that prehistoric 
occupation will be difficult to observe in this zone. The steep slope of the seabed off 
the Florida Keys implies that inundation was not as rapid here as off Southwest Florida, 
thus permitting establishment of more mature ecosystems that might attract human 
exploitation, e- pecially of shellfish. But high-energy ecosystems ill-supplicd with 
freshwater runoff are poor relative to others in South Florida, and more recent 
prehistoric occupation of the Florida Keys seems to have been oriented toward Florida 
Bay rather than the Straits of Florida (Griffin 1988). Thus the probability of site 
location in the Florida Keys must be considered low. Furthermore, such sites as did 
exist will have been heavily affected by post-depositional forces. The steepness of 
offshore slope entails relatively long-lasting erosional effects of horizontally slow-moving 
transgression, thus ensuring the natural destruction or disturbance of many sites. Many 
more sites will have been buried under the extensive Holocene sedimentation, and will 
thus lack any surface topographic indication of locational potential; in this situation, 
only application of remote sensing techniques will allow prediction of prehistoric site 
location. 


In general, then, the Florida Keys must be regarded as a zone of relatively low site 
potential, both because of low original site densities and because of post-depositional 
disturbance. In any case, the zone of potential effects to prehistoric sites by offshore 
Grilling and associated activities is confined to the narrow strip between the Three 
League Line and the -S0 m contour. Potential effects of routine operations may be 
entirely avoided if these activities are conducted outside this narrow strip. 


Detectability 


The predictive models for prehistoric site location presented in this section rely on 
topographic features such as karstic depressions, stream channels, drowned coastal 
formations, and “knappable" lithic outcrops in conjunction with depths not greater than 
50 m. The model predicts that these features presented to aboriginal communities 
between 12,000 and 4000 BP the attractions of surface water, relatively rich subsistence 
Opportunities, and knappable raw material, with the consequence that regional 
prehistoric activity focused around these topographic features. Detection of 


sites now submerged by transgressive scas is therefore predicated on the 
distribution of these kinds of features on the inner continental shelf bed. 
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Aboriginal sites of the Late Archaic and later periods include very large villages as 
well as smalicr habitation and special-activity sitcs of lower density and duration of 
occupation. This sctticment paticrn is the result of long-tcrm population growth and 
adaptive trends springing from the changing cnavironment of South Florida. The Statc 
Pian (Florida Department of Statc, Division of Historical Resources im prep.) presents a 
series of site types for successive periods, derived from a fundamentally shore-based data 
set that represents regional land-use paticrns that were essentially truncated by rising 
sea levels. Therefore, all the possible types of Paleoindian and carlicr Archaic 
occupation of paleoshorclines are not necessarily represented in the Statc Plan's listing 
of archeological site types. The kinds of sites expected for the Palcoindian penod 
include (1) relatively large and dense basc camps or villages ncar sources of fresh water 
and outcrops of lithic raw materials, that contain evidence for multiple functions and so 
a diversity of tool kits, as well as evidence of stone tool manufacture and maintenance 
and a relatively wide range of faunal and botanical evidence for subsisicnce, 

(2) relatively small, shori-term camps and/or kill sites, represented by thinner lithic 
scatters with evidence for restricted or specialized ranges of function and maintenance of 
tool kits, and a narrow range of evidence for subsisicnce, (3) quarry sites at sources of 
raw material, where blocks of knappable stone are extracted and reduced to varying 
degrees, but which contain evidence tor few additional bchavioral patterns, and 

(4) isolated points. The Archaic periods add to this range of site types a filth category, 
namely (5) cemeterics, which are usually associated with freshwater basins but also 
sometimes with shell middens and solution depressions. 


This range of site types holds important potential implication for site detection on 
the inner continental shelf: because the short-term sites and isolated points are bess 
closely tied to the topographic predictors of site location presented in this study, and 
because their cphemeral nature is not conducive to thick anthropogenic scdimentation, 
most of these sites are less likcly to be detected with the methods recommended here. 
Judging by Griffin's (1988) review of more recent prehistoric settlement paticrns in the 
Everglades, these less visible sites may represent as much as SO% of all submerged 
prehistoric sites, thus leaving underrepresenicd important aspects of the prehistoric 
adaptation to the regional landscape prior to the emergence of modern conditions. By 
the same token, these smalicr sites are more subject w post-depositional disturbance or 
destruction by the transgressive process and by later current scouring, storm crosion, and 
other high-energy forces, introducing a further bias into the offshore archcological 
record. Excepting only glades-like environments where sites are predictably located on 
small tree islands (by analogy with the latcr prehistoric record; Griffin 1988), small 

Sites are not readily detectable with current models and technology. This 
inability represents a scrious gap in current method and information. 


Detection of the predictors of prehistoric site location depends on the degree of 
sedimentation subsequent to inundation. In zones with little or no scdimentation, the 
predictors are open to surface inspection, cither by direct visual identification (c.g. by 
divers of Cameras) or by side-scan sonar. The direct visual approach to detection has 
already reaped results at Ray Hole Spring, where the solution depression was found by 
sport divers and then subsequently probed by test excavations that locatcd possibic 
indications of prehistoric activity around the margins of the depression. Side-scan sonar 
is usually applicd to shipwrecks (sce below, this chapter). The same technique ts also 
useful in locating potential lithic outcrops, barricr beaches, and other predictors of site 
location, and may also locate drowned shell middens. 


Detection of locational predictors that are buricd under recent sediments ts best 
achieved with a combination of high-resolution scismic profiling and vibracoring. The 
first technique reveals buried surfaces that contain locational predictors, and is used 
successfully in both geological and archcological remote sensing. The archeological 
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work on the Sabine River off the Texas and Louisiana coast used scismic tcchnigqucs Ww 
wWeatify locational predictors in the ncarshore zone of this portion of the Gulf of 
Mexico (Coastal Environments, Inc. 1986). Arcas of high archcological potcntial were 
then tesied with the cxtraction of vibracorcs, which were then analyzed by grain-sizc, 
point-count, and geochemical modcls of archcological site charactcrization (Coastal 
Environments, Inc. 1982). This analysis revealed two possible archeological sites buricd 
under 4 to 7 m of sediment (Coastal Environments, inc. 1986). It is also possible that 
the so-called “gassy sediments” detected in shallow hazard surveys are indicators of 
drowned floral matcrial and are predictors of site location. 


Recoverability 


The techniques of site detection normally isolate the topographic predictors of site 
location and/or high probability of the presence of an archeological site. Confirmation, 
exploration, and evaluation of sites, on the other hand, require more extensive and 
direct methods. Such methods normally include some combination of coring and 
broader surface exposures by excavation. The recent work at Ray Hole Spring explored 
the karstic feature with a combination of diving reconnaissance, coring, and cxcavation 
by couple jet; this work was most successful around the margins of the feature, where 
both environmental information and possible cultural matcrials were recovered from a 
large crevice. 


care musi be taken in dealing with submerged archcological sites, because 
they fail within the broader category of wet sites and therefore potentially contain a 
range of materials not normally found in dry sites (sce Doran 1988). In particular, the 
proper conditions of site environment may preserve artifacts of wood, leather, fiber, and 
other organic materials, and better preserve the range of evidence for subsistence than 
would ordinarily be seen in dry sites. While remarkable preservation is found in some 
onshore wet sites such as Windover, Little Salt Spring, and Warm Mineral Springs, most 
of these contexts pertain to the Middle Archaic and later. Discovery and recovery of 
carlier-period sites with comparable preservation would signally add to the knowledge of 
the prehistory of Florida and North America. 


LOST VESSELS 


Humans have used the sea as a source of food and raw materials and as a 
transportation route for thousands of years. This use nourished the development of a 
wide range of vessels from prehistoric to modern times. As we can expect from modern 
examples, many of these vessels were lost to storms, navigational hazards, or other 
situations and sank or drifted to their final resting places. In South Florida, the Calusa 
had developed a fully functional maritime tradition by the time of Spanish contact 


To establish a framework for evaluation of these resources, we rely on the 
archeological contexts found in Florida's Comprehensive Histonc Preservation Plan 
(Florida Department of State, Division of Historical Resources in prep.). This 
framework will be used in the event submerged cultural resources should be encountered 
and it becomes necessary to make decisions regarding their significance. For the 
purposes of this report, we will begin the discussion of these contexts with the 


379 


Submerged Cultural Resources 


Caloosahatchee Region archeological context and proceed to the context titled World 
War II and Aftermath. 


Included with the contexts are tables identifying a sampling of currently known 
i arca. This sample docs not in any way represent the 
alone the as-yet-unknown wrecks in the study arca. It is 
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resources. The aquatic environments of the region provided not just the subsistence 
basis for this hunting/gathering society, but also an important means of communication 
and transportation. In the latter regard, Calusan canoes used interior freshwater zoncs, 
nearshore environments, and decper offshore waters in their subsistence efforts, for 
transportation of tribute to chiefly centers, and in the passing of information between 
regions. The greater part of these movements occurred in nearshore and freshwater 
zones, where artificial canals facilitated passage around political centers. While these 
sorts of aboriginal shipping will not appear on the inner continental shelf, other, more 
truly maritime activities may have left their traces. These potentially include offshore 
line fishing and trading into the Antilles. 


Widmer (1986) considers the archeological evidence for offshore line fishing and the 
sociopolitical implications of this practice for Southwest Florida. While this aboriginal 
technology was certainly present in the Caloosahatchee region, its contribution to the 
total subsistence regime seems to have been secondary to nearshore and onshore 
resources. Even so, the aboriginal canoes used in this effort are doubtless represented 
among the submerged cultural resources present on the inner continental shelf. The 
other aboriginal offshore activity was trade and travel between Southwest Florida and 
the Antilles, especially Cuba. Such communication is well attested in the ethnohistoric 
record as existing at the time of Spanish contact and intensifying through the 17th and 
18th centuries. vessels used in this trade included canocs and double canocs with 
attached platforms (sce Griffin 1988). Although not definitively documented in 
pre-Columbian contexts, such trade surely existed, though less intensely, during those 
earlier periods as well. Thus, scagoing canocs of both pre-and post-Columbian date are 
also likely to be found among the cultural propertics on the continental shelf along the 
Straits of Florida. 
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South and Southeast Florida (2500 BP [500 BC] to Contact) 


Calusa dominion extended through most of South Florida; therefore, the comments 
made for the Caloosahatchee region also apply to South and Souiheast Florida, with 
several modifications pertaining to offshore activitics. The offshore line fishing that is 
apparent in the Caloosahatchee region is not yet documented further south, where the 
technology itself seems absent and the corresponding specics of fish are not included in 
faunal assemblages (Griffin 1988). Although this negative evidence may be overturned 
by future research, offshore fishing seems not to have been part of the South Florida 
aboriginal subsistence strategy, and these waters will probably not contain sunken fishing 
canoes of local origin. As in the Caloosahatchce region, long-distance maritime trade 
also connected South Florida with islands to the south; these movements are attested in 
the ethnohisiorical record, and are suggested by some stylistic paralicls between Antilles 
pottery and that known as Glades Illa (i.c., around AD 1200) (Griffin 1988). Contact 
with the Bahamas is also likely, being documented in the 18th century but not firmly 
identified in pre-Columbian contexts. A third asrect of maritime travel in South 
Florida is the seasonal movements, known for the contact period and possible also in 
the pre-Columbian setting, that integrated Biscayne Bay, the Florida Keys, and Cape 
Sable in an annual round focused on Florida Bay (Griffin 1988). Most of this seasonal 
movement occurred landward of the Florida Keys; even so, some of the movement may 
have followed the seaward line of the Florida Keys and may be represented by sunken 
canoes in the Reef Tract or in the Straits of Florida. 


First Spanish Period (1513 to 1763) 


The history of the Florida Keys from the time of European discovery until well after 
what is now Florida passed into British control in the 1760s strongly reflects the 
apprehension these low, desolate, and, until this century, isolated rocky islands 
engendered in virtually all who encountered them. The Spanish name for the Keys, Los 
Marnres, was bestowed by the explorer Juan Ponce de Leon, who sighted the islands 
while rounding the southern end of the peninsula on his way into the eastern Gulf of 
Mexico during his 1513 voyage of discovery. He noted that, *...the high rocks at a 
distance look like men that are suffering” (quoted in Morrison 1974). On his return 
south in June of that year, Ponce de Leon actually stopped within the study area at the 
Dry Tortugas, which he named for the plentiful turtles found on the several keys in that 
group of islands. Upon returning to Spain, Ponce de Leon received a royal grant to 
colonize the newly discovered lands. 


Four years later, the Cordoba expedition also made landfall in Florida, where the 
pilot, Anton de Alaminos, a veteran of Christopher Columbus’ second voyage and Ponce 
de Leon's expedition of 1513, was wounded in a struggle with the natives. They sailed 
to the Florida Keys before returning to Havana. Alaminos returned to the northern 
Gulf Coast of "La Florida’ in 1518, as pilot for a small fleet under Alonso Alvarez de 
Pineda, in search of a strait to Indiz. Landing in Southwest Florida, they again 
encountered hostile natives. Later, this expedition went on to discover the mouth of 
the Mississippi River. 


The fact that the Spanish paid little serious attention to this arca until the late 17th 
century was not the result of indifference or complacency, as some have speculated, but 
came about as a result of a redirection of Spanish priorities brought on by the 
disastrous performance of the de Narvaez, de Soto, and de Luna expeditions to La 
Florida in the mid 16th century. The loss of life was almost 99% in the first and nearly 
50% in the second; the third, a colonization effort, had to be ordered home by the 
Viceroy of Nueva Espana to prevent a repeat of the fate of the first two expeditions. 
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As a consequence of these reversals and a resulting royal edict, Spanish interest in 
the Florida Keys became for a time navigatsonal rather than colonial. There was little 
detectable concern during this period about competition from other European countries. 
Spain evidently was content to look upon La Florida, including the peninsula and the 
Florida Keys, as an almost uninhabitable possession occupied by extremely hostile 
natives who would probably hold their own against colonists of any nationality. The 
peninsula in effect became a land mass around which Spanish ships from New Spain 
were forced to sail in returning to Europe. In retrospect, the failure of Spanish efforts 
to establish a permanent colony in the Santa Elena area on the Atlantic t in the 
mid 1650s can be seen as a turning point in Spain's fortunes in the New World. 


The Spanish had originally looked upon La Florida as a potential base from which 
tO protect shipping “shooting north through the Strait of Florida” by the power of the 
Gulf Stream (Morrison 1974). Early Spanish settlements concentrated primarily in the 
Caribbean, where the ports of Havana, Puerto Plata, and San Juan serviced vessels 
returning to Spain via the "Old Bahama Channel." By this route, vessels departing 
Havana for Spain followed a southeasterly course down the northern Cuban coast until 
they reached the southern Bahamas, whereupon they turned northeast to meet the 
prevailing westerly winds across the Atlantic. These carly sailors faced danger from the 
reefs and shoals along the Cuban and Bahamian coasts, and endured slow progress 
through the unfavorable "Horse Latitudes.” As a result, many vessels were lost on this 
route. 


With the discovery and charting of the Straits of Florida, Spanish ships increasingly 
followed the Straits, known to them as the "New Bahama Channel.” Though used 
intermittently during the late 1540s, the New Bahama Channel became more a 
after the 1550s. Following this route, vessels out of Havana sailed castward to Puerto 
Puercos or Bahia Honda, crossed to the Florida Keys or eastern Bahamas and then 
sailed northward through the Straits of Florida and up the coast of North America to 
meet the prevailing westerlics around Cape Hatteras. From there they followed the 
Gulf Stream home to Spain. 


Though comparatively safer than the old route, sailing by way of the New Bahama 
Channel presented ceriain hazards to Spanish shipping, particularly in the area of the 
Florida Keys, To minimize the danger, departures from Havana were timed so that 
vessels would arrive off Key West or at the southwestern end of Cay Sal Bank during 
the day. From Cay Sal Bank, a slow overnight cruise under reduced sail could bring the 
Florida Keys or the Bahama Bank safely in sight by midmorning. When a dvtight 
arrival could not be arranged, Spanish vessels were often ordered to double the watch, 
reduce sail, and take frequent soundings when near land or in low visibility. Thereafter, 
vessels proceeded by running long tacks toward the opposite shore in a generally 
northward direction so as to clear the mouth of the channel north of the Bahama Bank. 
In bad weather, vessels often clung closer to the Florida coast, running shorter tacks 
along the Bahama Banks if conditions were favorable. 


Navigational control was maintained by pinpointing a trail of identifiable landmarks 
along the shore. The hazards presented along the voyage required the master tu 
establish the vessel's position regularly. Often ships would steer directly for dangerous 
coastal reefs in an effort to determine their position (Marx 1975, Coastal Environments, 
Inc. 1977; Oceanprobe, Inc. 1988; Garrison et al. 1989). 


The Spanish decision to divert attention away from La Florida played into French 
plans to increase their influence in the area. In 1521, French corsairs intercepted one 
of Cortez’ vessels en route to Spain with a cargo of Aztec art and other New World 
products. French pirates were soon active in the Caribbean, raiding Spanish ports and 
attacking Spanish vessels throughout the mid 16th century. 


Representative vessels lost during the First Spanish Period are listed in Table 10.1. 
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Table 10.1. esentative vessels lost during the First Spanish Period (1513 to 


1763). 


i 
: 


Unknown 1525 
Unknown 1549 
Unknown 1577 
Unknown 1578 
Unknown 1595 
Unknown 1618 
Unknown 1619 
Unknown 1619 
Unknown ie) 
ae | 
141 1 
—— 7 
nown 1 
Unknown 1641 
a 1897 
nown 
Unknown 1685 
1 lond s - /Nao 
oe 1888 F londa Keys Lost zpenish/Neo 
Nuestra Senora 2. 1689 Key Largo Lost panish/Frigate 
Unk ented 1698 New Providence Pirates -- 
— lu Dry Tortugas ; - 
L oan ; 700 pmercan -- English 
acas - = 
> : era Wreck* Poss) 1718 Maiccumbe Key fpemieane —_ 
indiana (Poss. 
e 1 Aviso Cosulade 1733 Berg Boot Hurncane ish 
~*~ ~y ac v 17 Matecumbe Key Hurncane 
yb. a de ie v 1733 Matecumbe Key Hurncane Spanish/Nao 
ranci 1733 L Key Hurricane Spanish/Nao 
1 1 San atee 17 tong Key Hurricane panish 
4 133 | Leri 1333 atecumbe Key Hurricane panish 
edro 1733 umbe Key Hurncane panish/Nao 
iy Cc 1533 ve mabe Grande heme eties 
a ; u 
eo het de Pad 
e 1 rf B de Dios 1733 Matecumbe K Hurncane panish 
E Gran Poder de Dies 1733 Vacas Key - Hurricane nish/Nao 
y A . Rogerio, 1733 Cayo de Vivaros Hurncane Spanish 
y 
Vv F 
ost a se 1733 Cayo de Vivaros Hurncane Spanish/Nao 
ae 
Lu a de aneda 17 © Tobamos Hurncane Ge 
17 ayo de Vivaros Hurricane penish/ ngate 
a a ‘. 7 17 © de Vivaros Hurncane 
| Infante 1733 Hurncane ish 
1733 ° de Bocas Hurricane ish/Nao 
1733 ayo de Vivaros Hurncane 
8 
*BMONT San Jose de 1733. Conch Reet Hurricane Spanish/Nao 
a a del Populo 1733 Cabeza de los Martwes Hurncane ish 
tapes im lee a J 
Naftaw 1741 Florida Keys Lost lish 
ae 1 a vee 
5S. 1 F Lost lish 
Hes Lge 1744 Looe K Rey Wrecked nglishvF ngate 
thes Lost . 
= 5 o londa Hurncane American 
States 1 of Flonda Hurncane American 
1752 of Fionda Hurncane naiish 
nown 7 of Flonde Hurncane msh/Schooner 
ander 1583 of Flonde Hurnceane lish 
Unknown 17 of Flonda Hurncane nish 
1585 ot Fionda Hurricane Aglish 
Beton. 1752 ot Flonda Hurncane ngiish 
Anne 1752 of Flonda Hurricane ngish 


*Florida State Site Number. 


383 


Submerged Cultural Resources 


British Period (1763 to 1783) 


Spanish military power continucd to wane during the 17th century as the English 
made inroads into Spanish territory. When the English finally gained possession of 
Florida in 1763, King George III divided the territory into East and West Florida, 
governed from Si. Augustine and Pensacola, respectively. Colonial activity in Florida 
during the 18th century was conceniraicd primarily 2round these two settlements. 
Representative vessels lost during this period are listed in Table 10.2. 


Table 10.2. Representative vessels lost during the British Period (1763 to 1783). 


Country of Origin/ 
Name Date Location Circumstance Type of Vessel 
Greenville Packet 1765 Dry Tortuges Stranded English 
General Conway 1766 Florida Keys Lost English 
Unknown 1768 Straits of Florida - - 
Jazo E Santa Anna 1768 Straits of Florida - Spanish 
Anna Theresa 1768 = Florida Keys - English/Packet Boat 
Unknown 1768 Straits of Florida - - 
San Antonio 1768 Key West - Spanish 
Unknown 1770 Florida Keys Storm Spanish 
Unknown 1770 Florida Keys - - 
Unknown 1771 Strats of Florida - - 
El Nauve Victoriosa 1771 Key Largo Sank Spanish 
Unknown 1771 Florida Keys - - 
Ann & Elizabeth 1774 Florida Keys Lost English 
Rhee Galley 1774 Flonda Keys Lost English 
Unknown 1775 Matecumbe Key - 
Hamilton 1780 Ajax Reet - 
Unknown 1782 Florida Keys Sank English 
Unknown 1782 Florida Keys - English 


Second Spanish Period (1784 to 1821) 


The coastal islands of the Florida Keys were generally ignored until the U.S. 
asserted territoriality in the area in 1819 (Priestly 1928; Worcester and Schaeffer 1956; 
Weddle 1985). Following the War of 1812, settlement in the area of what would 
become the Gulf Coast of the U.S. expanded rapidly. As a result of this growth, 
commerce and maritime traffic through Gulf and West Indian waters also increased. 
Representative vessel losses are listed in Table 10.3. 


1821). 
of Ori 
Name Date Location Circumstance Type of Vessel 
Evenly 1788 Florida Keys Wrecked English 
Fly ~ Flonda ae Lost English 
Unknown 1 Florida - = 
Lively 1791 Flonda Keys Lost English/Brig 
Unknown 1792 Flonda + # - - 
‘oy on ime Fala ta 
HMS 17393 Caryeton Kock Lost English/F ngate 
General 1793 = Florida Keys Lost English 
Catherine Green 1794 = Florida Keys Wrecked English 
Speedwell 1796 Carystort Root Lost English 
— 1796 Reet Lost English 
Flore 1798 Flonda Lost English 
* —~ 1800 Flonda Lost 2 
1 - 
Eagle, 1801 vay # Wrecked American 
Britannia 1803 Flonda Keys Lost English 
Unknown 1803 Mocus Reet Lost ye na 
Calliope 1804 Florida Keys Lost 
Andromache 1805 Florida Keys Wrecked - 
Providence = Avene — ¢ = 
Rattler 1 arystort nglish 
HMS Fly 1805 Carystort Reet Wrecked English 
Maria 1806 Dry Tortugas Wrecked ~ 
Cabinet 1611 Fiorida 1 # Lost English 
Highlander 1812 Carystort Lost English 
Juno 1812 Carystont Reet Lost American 
Orion 1612 Fionda Keys Lost American 
Americano 1614 Florida Keys Stranded Spanish 
Jerusalem 1815 Florida Keys Lost - 
Watt 1615 Florida + # - - 
Unknown 1615 Carystort - - 
Unknown 1815 Carystort Reef Wrecked - 
Sir John Sherbroke 1816 Dry T Wrecked - 
cera Ps tn 
Atlas _— 1816 Guill of Florida Wrecked English 
Magdalen 1816 Florida Keys Wrecked English 
Three Sisters 1816 Carystort Lost English 
Cassack 1816 Flonda Keys Wrecked - 
Unknown 1817 Carystort - - 
Marquis de Pombal pro Flonda 1, # Wrecked Portuguese 
181 - - 
Merrimack 1 + 7 Fone s Wrecked Amernican/Brig 
Despatch 18617 Carystort Wrecked American 
Anne Mara ee —= ~— — - 
Unity 181 Cary ° - 
Europe 1617 Florida Keys Wrecked - 
Betsey 1818 Anon ey Lost American 
nown 181 Cary - - 
oe 1818 Fionda Keys Wrecked English 
Quebec 1618 Florde . Lost English 
— 1818 ate Lost English 
Annie of Scarborough 1819 Penge Keys -— — 
Barilla 1819 Florida Keys Stranded American, Brig 
Unknown 1819 Florida Keys - Brig 
nown 181 stort - - 
Sandwich 1819 Fonds Keys Wrecked English 
Lively 1819 Flonda s Stranded Schooner 
Hope for Peace 1821 Caryston Dismasted American 
1821 Flondae s Wrecked ~ 
Unknown 1621 Carystort - Brig 


*Flonda State Site Number 
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Territorial Period (1821 to 1844) 


After Florida became a U.S. territory, American settlers began to occupy locations 
in the Florida Keys. Remote from the growing troubles with the Seminole in north 
central and central Florida, which by 1836 were destined to erupt into the Second 
Seminole War (1835 to 1842), the Keys were considered to be relatively safe and 
settlement there preceded that in the major part of the peninsula. Representative vessel 
losses during this period are listed in Table 10.4. 


The concomitant increase in American shipping, as weil as in that attributable to 
the Caribbean Basin ports, presented an ideal target for pirates operating out of the 
secluded bays and inlets of West Indian islands and even remote areas of the Gulf of 
Mexico. Between 1815 and 1823, nearly 3,000 pirate attacks were reported. 


To combat this problem, a small squadron under the command of Commodore 
Daniel Patterson was given the task of patrolling the Gulf. This force had little success 
in suppressing aggression, however, and its activities were suspended in 1819. American 
commercial interests then notified Congress that a more effective naval presence was 
necessary 0 subdue the pirates. After surveying the harbor of Key West in February 
and March of 1822, Matthew C. Perry reported: 


"Heretofore the Florida Keys have been the resort of smugglers, New 
Providence wreckers, and, in fact, of a set of desperadoes who have paid but 
little regard to either law or honesty. The present establishment, though on a 
small scale, will | conjecture, ...be enabled to keep these lawless people from 
this island; but | would suggest the necessity of an early augmentation of force, 
if it be only for the purpose of enforcing the revenue laws" (U.S. Congress, 
House 1836). 


A new squadron was sent and suffered great losses from a yellow fever epidemic; 
furthermore, the schooners Ferret and Wild Cat were lost at sea, while the larger 
Alligator struck a reef east of Key Largo. Nevertheless, the “Mosquito Fleet,” as the 
Squadron was called, accomplished its task. By 1830, piracy had been effectively 
eliminated in West Indian waters. Although the Navy abandoned Thompson's Island in 
1826, because of the yellow fever epidemic, the military maintained a presence on the 
island through most of the 19th century. 


Following the Navy's abandonment of Key West, a survey of the Dry Tortugas was 
conducted in the fall of 1829 to assess the islands’ potential as a naval station. 
Lieutenant Josiah Tattnall reported favorably on the harbor's suitability as a refuge, 
central location, and strong defensive position in the event of enemy blockade. During 
the three months that Tattnall was stationed in the Tortugas, he counted 131 vessels, 
primarily square-rigged and exclusive of fishing smacks or local craft, sailing within sight 
of the islands during daylight hours. He estimated an equal number passing at night. 
In March 1830, Secretary of the Navy John Branch advised President Andrew Jackson 
that the Tortugas had long-term strategic value as a potential naval station. 
Commodore Perry, however, continued to favor the harbor at Key West, stating that the 
“advantages of its location, as a military and naval station, have no equal except 
Gibraltar...” (U.S. Congress, Senate 1836). 


Six years later, the Government was still debating the relative merits of Key West 
and the Dry Tortugas for a naval depot. By this time, however, the Navy Department's 
position had shifted in favor of Key West. By the latter part of this period, cotton 
produced in the Florida panhandle and cattle from the Tampa areca were among the 
major commodities shipped through the study arca. 
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Table 10.4. Representative vessels lost during the Territorial Period (1821 to 1844). 


Country of Origin/ 
Name Date Location Circumstance Type of Vessel 
Francis & Lucy 1822 Flonda Keys ~ ~ 
Ann of London 1622 ~=s- Florida Keys Lost English 
ee 1822 oe - - 
Lady Washington 1822 Ship Hurricane /Sloop 
Unknown 1822 Florida Keys - French/Brig 
++ al 1622 ~=s Alligator Reet - Americar, 
1622 Carystort Reet - /Brig 
Franklin 1823 Flonda Keys Wrecked American 
Leopard 1823 Florida Lost Amernican/Sioop 
George iil 1824 Carysfort Lost English 
Swift 1824 Long Island Wrecked - 
Theodore 1824 Florida Keys ~ - 
Unknown 1824 Florida Keys ~ /Brig 
Sarah 1824 St. Johnsons Bar Wrecked English/Brig 
Unknown 1824 Carysfort Reet - /Bng 
Pointe-A-Petre 1824 Florida Keys Lost French 
Revenge 1825 Key West - - 
Johan Cari 1825 Florida Keys Lost -- 
Vigilant 1628 386 Key West - 
Nannu 1828 Key West - - 
Curreo 1829 Carystort Reet - - 
Unknown 1829 Ceaser Creek - ~ 
Vineyero™ 1830 Long Key Unkn Brg 
iney 1 nown / 
Unknown 1830 Looe Key - - 
Toison 1831 Key West - - 
Mt. Hope 1831 Key — - - 
Henry 1831 Key West - ~ 
Florida 1631 Florida Reet - - 
Splendid 1831 Florida Reet - - 
Exerton 1831 Dry Tortugas Wrecked /Brig 
Dumtries 1631 Dry Tortugas Stranded American/Sailing ship 
Galaxy 1831 Dry Tortugas Wrecked /Schooner 
Amulet 1831 Florida Keys - - 
Flora 1836 =. Dry Tortugas Wrecked /Bark 
Ohioan 1836 Ocheesee Burned American/Steam 
Dry T sidewnee! 
America 1836 ortugas Wrecked /Sailing ship 
Tallahassee 1836 Dry Tortugas Wrecked (Sailing ship 
Billow 1837 Dry Tortugas Wrecked /Brig 
Tempest 1838 8€©=©Ocheesee Snagged American/Steam 
sidewhee! 
Poacher 1840 =: Dry: Tortugas Foundered American Bark 
“Unidentified” 1840 Dry Tortugas Wrecked American Bark 
Unknown 1841 Key West Hurricane - 
Unknown 1641 Sand Key - /Packet Boat 
toll 1842 Key Vacas - - 
1842 Key West - /Packet Boat 
Alasco 1842 8©Conch Reef - - 
Chamois 1842 River Junction Exploded American/Steam 
sidewhee! 
Axis 1842 ~—s Florida Reef - - 
Cuba 1642 ~—s Florida Reef - ~ 
Caroline 1642 366 Key West - - 
Colonel T. Sheppard 1842 = Key West - - 
Rudolph Groning 1842 Dry Tortugas Abandoned American/Brig 
oo 1843. = Dry Tortugas Abandoned /Brig 
Rutton 1643—s hola Snagged American/Steam 
sidewhee! 
Anson 1843 Key Vacas - - 
Rebecca 1843. = Dry Tortugas Wrecked English/Schooner 
Zotoff 1844 ~3=Dry Tortugas Wrecked ling ship 
w 1844 Dry a. Abandoned Engli ling ship 
Mount Vernon 1644 = Carysfort - - 
i 1844 Crooked River Capsized American/Schooner 
Unknown 1844 Key West - - 
Select 1844 ~=©Dry Tortugas Stranded Amer:can/Schooner 
Althale 1844 Key West - ~ 
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Statehood (1845 to 1860) 


During this period, the island of Key West became an important regional harbor for 
Southwest Florida. In 1845, as part of a Federal coastal fortification program, 
construction began on Fort Taylor at Key West. The Fort was intended as an outpost 
10 guard against enemy intrusion into the Gulf of Mcxico by way of the Straits of 
Florida. In 1846, however, a hurricane demolished most of the previous year’s work. 
When the Civil War broke out 15 years later, Fort Taylor was still incomplete, as was 
Fort Jefferson in the Dry Tortugas. 


Also during this period, an increasing number of railroad lines began linking 
interior lands with the Gulf Coast, where timber and agricultural products could be 
loaded onto ships. Tampa, by this time, was shipping nearly 15,000 head of cattle 
annually. With an increasing number of steamboats and other shipping, and an 
antiquated, poorly maintained road system, water began to dominate the land as a 
transportation medium in many other parts of Florida in addition to the Florida Keys. 
Representative vessel losses during this period arc listed in Table 10.5. 


Table 10.5. Representative vessels lost during the Statehood period (1845 to 1860). 


Country of Origiry 
Name Date Location Circumstance Type of Vessel 
Newark 1845 Carysfort Reef ~ - 
Tellumah 1845 Ceaser Creek - - 
Rienzi 1645 ~—s Florida Reef - - 
Mandarin 1846 3=— Key West Lost - 
H. W. Stafford 1646 = Key West - - 
Lafayette 1646 = Key West - - 
General Wilson 1646 = Key West - - 

1846 Key West - ~ 
Exchange 1846 «= Key West - - 
Melemora 1846 = Key West - - 
Unknown 1846 38Key West Hurricane - 
Warrior 1646 386Key West Sank - 
Water Lily 1846 = Key West Sank - 
Villanueva 1846 = Key West Ashore - 

U. S. Perry 1846 36 Key West Lost - 
Saranoh 1846 = Key West Sank - 
Napoleon 1846 = Key West - ~ 
Olive & Eliza 1846 = Key West - - 
Morne 1646 = Key West - - 
Navigator 1646 = Key West - - 
Wersew 1846 = Key Vacas - - 
St. Mark 1846 = Carysfort Reef - - 
Platina 1846 §=©_ Carysfort Reet - - 
Perry 1846 ~=—s Florida Reet - - 
Ins 1846 ~—s Florida Reet - - 
Salon 1847 = Key West Wrecked /Schooner 
St. Mary's 1647 39 Key West Wrecked /Schooner 
Persia 1647 = Key West Wrecked /Brig 
Samuel Roberts 1847 = Key West Wrecked (Schooner 

Hatfield 1847 = Key West Wrecked /Brig 
Rudolph Groning 1647 = Key West Wrecked /Brig 
Millaociat 1647 = Key West Wrecked /Brig 
Samuel Roberts 1847 = Key West Wrecked /Schooner 
John Howell 1647 «Dn T Burned /Schooner 
Euphrasis 1648 3=—s Key West Wrecked /Schooner 
Hope 1648 3=— Key West Wrecked /Schooner 
Toure 1648 38=— Key West Wrecked /Bark 
Elizabeth 1848 836 Key West Wrecked /Brig 
Narragansett 1848 = Key West Wrecked /Steamship 

jamin Litchfield 1848 3= Key West Wrecked (Brig 
1648 3=s Key West Wrecked /Schooner 

Fiore 1648 = Key West Wrecked /Bark 
Tagliona 1848 = Key West Wrecked /Schooner 
Arroswick 1648 =—s Key West Wrecked /Schooner 
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. Country of Origin/ 

Name Date Location Circumstance Type of Vessel 
Brewster 1648 8=—s Key West Wrecked /Schooner 
Canton 1848 Dry Tortugas Wrecked ‘Sailing ship 
Madison 16480 =—s_ Key West Wrecked {Brig 
Quebec 1648 3=s Key West Wrecked /Schooner 

W. Stevens 1849 ~=—s-« Dry: Tortugas Wrecked /Bark 
q 164 1850 Dry Tortugas - - 

1850 Ory Tortugas Wrecked Swedish/Brig 

q 170 1850 §=-— Dry: Tortugas - 
*8MO160 1850 836 Dry _ Tortugas ~- - 
New Orleans 1850 86 Dry Tortugas Foundered /Schooner 
New York 1850 ~=—s Gry Tortugas Sank /Schooner 
Harriet and Martha 1854 Dry Tortugas Wrecked - 
Tartar 1855 Dry Tortugas Wrecked /Brig 
Marthe Gilchnst 1658 Dry Tortugas Wrecked /Brig 
Las Mules 1860 Man Key - - 


*Florida State Site Number. 


Civil War (1861 to 1865) 


Anticipating Florida's secession from the Union, Captain James Milton Brannon, 
First Artillery, the senior ranking Army officer of Key West, occupied Fort Taylor and 
placed the island at the disposal of Federal (Union) forces in 1861. Possession of Key 
West proved to be of immense value to Union strategists: 


"Without secure control of the island, Lincoln's declaration of an effective 
blockade of the Southern Coast would have been a farce, for the Navy had no 
other Southern coaling station so necessary for its short cruising range 
blockading fleets. Early in the War, Southern blockade runners operated quite 
successfully from Havana and the British controlled Bahamas, however, fast 
Federal cruisers operating from Key West were to wreak havoc among these 
vessels during the last three years of the conflict" (Camp 1960). 


An average of 32 vessels from the East Gulf Blockading Squadron were based at 
Key West during the Civil War, while 300 Confederate blockade runners were brought 
into the port of Key West as prizes after capture (Williams 1954; Schellings 1955; White 
and Smiley 1959; Griswold 1965; Camp 1960, Florida Department of State, Division of 
Historical Resources in prep.). Representative vessel losses are listed in Table 10.6. 


Table 10.6. Representative vessels lost during the Civil War (1861 to 1865). 


, Country of Origin/ 
Name Date Location Circumstance Type of Vessel 
Menemom Santord 1862 Carysfort Reef Stranded American/Steam 
*6MO142 1865 Coffin Patch - - 
Atlanta 1865 Dry Tortugas Wrecked /Brig 
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Reconstruction (1866-1879) 


After the war, cattle sales (and thus shipments) resumed. A particularly large 
customer for cattle was Cuba, thus stimulating production in South Florida. At the 
same time, Tampa gained in importance as a port city. Representative vessel losses 
during this period are listed in Table 10.7. 


The area may have seen some increase in river traffic as a result of burgeoning 


tourism, but this would have been concentrated in the castern part of the Florida 
peninsula area (Florida Department of State, Division of Historical Resources in prep.). 


Table 10.7. Representative vessels lost during Reconstruction (1866 to 1879). 


Country of 
Name Date Location Circumstance Type of Vessel 
Unknown 1866 Key West - - 
Tonewande 1866 Grecian Shoals Stranded Amerncan/Steam screw 
Pampero 1 866 Cape Romano Foundered Amerncan Steam 
sidewnee! 
1866 Key West - - 
Rebecca Barton (21530) 1866 86 Key West Foundered Amencan/Steam screw 
Mutter 1870 Amencan - ~ 
West 1870 Key West - ~ 
Honduras (10524) 1870 Key West Stranded Amerncan/ Steam 
sidewhee! 
— be De Yom - - 
Maria Ferguson 1 ortugas Wrecked /Brig 
Sonora 1872 @©Dry Tortugas Wrecked ‘Schooner 
Unknown 1872 Key West ~ - 
illiam M. Jones 1 ortugas Wrecked American/Schooner 
Jesse 1875 Brazos - Amencan/Steam 
sidewhnee! 
Unknown 18675 Flondea Keys - ~ 
Henry J. May 1875 Dry Tortugas Wrecked /Schooner 
Unknown 1875 Key West - - 
Mezzie 1877 Dry Tortugas Wrecked English/Brig 


Post-Reconstruction (1880 to 1897) 


By 1890, the seven leading industries in the State were lumber, cigar and cigaretic 
production, turpentine, fertilizers, ship- and boat building, and railroad-car and shop 
construction. Several of these products, including cattle bound for Cuba, were shipped 
from Gulf ports such as Tampa and Pensacola (Florida Department of State, Division of 
Historical Resources in prep.). Much of this traffic passed through the study area and 
contributed, on occasion, to the tally of submerged cultural resources found off the 
Florida Keys today. Representative vessel losses are lisied in Table 10.8. 


On 2 August 1882, Congress appropriated $25,000 to dredge an experimental 
90-m-wide, 5-m-deep channel across the Northwest Channel bar at Key West. The US 
Army Corps of Engineers completed the work the following year, but by 1884 the 
channel had refilled. The Corps then abandoned plans to maintain a dredged channe! 
across the bar. 


The Rivers and Harbors Act of 1886 authorized a survey of the entrance to Key 
West Harbor. Captain W. M. Black submitted his report of the survey in June 1887 
On the basis of soundings, borings, and systematic observation of tides and currents, 
Black recommended the construction of a riprap coral jetty 560 m long along the west 


WO 
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Table 10.8. Representative vessels lost Guring Post-Reconstruction (1880 to 1897) 
. Country of Ongin/ 

Name Date Locaton Circumstance Type of Vessel 

Unknown = On Toms - > 

Joseph Baker 1 Stranded Amencan Bark 

Tolomeo 1681 Ory ser med Wrecsed nehan Bark 

Lucy M 1681 Key West Sprung Leak Amencan/Schooner 

Unknown 1682 8 Flonda Keys Wrecked eae ae 

R. B. Gove 1662 Dry Tortugas Wrecked 

ey 1685 Ory Tortugas Wrecked German Bark 

Charles R. Campbell 1686 03=— «Dry Tortugas Abandoned Amencan/Schooner 

Anetas 1686 Dry ey ay Lost /Schooner 

Outing 1887 Gilbert's Unknown (Sloop 

Arthur 1687 Dry Tortugas Abandoned /Brig 

Sebulon 1867 © Ory Tortuges Stranded Norwegian Bark 

Joshua H Marvell 1887 © Dry Tortugas Unknown {Schooner 

Freddie L. Porter 1887 Dry ¥ Abandoned /Schooner 

Slobodne 1887 Molasses Unknown /Stearnsnip 

Prince Umberto 16668 8=— Duck Key Unknown /Bark 

Adelaive Baker 1889 Coffin Patch - /Bark 

True Briton 1889 ##Rebecca Shoals Unknown /Shuip 

Eri King 1891 Long Reet Unknown /Steam screw 

Edda 1891 e of Flonda Unknown /Bark 

Shannon 1892 ortugas Wrecked Amencan/Brng 

Arcadia 1893 Ory Tortugas Wrecked English/Brig 

Carmaita Composite 1893 Ory Tortugas Wrecked /Bark 

Ceres 1894 Dry Tortugas Wrecked - 

Beatrice 1895 Dry Tortugas Wrecked English/Schooner 

Sheiter island 1896 Looe Key - - 

Unknown 1897 Key West - - 

Clyde (5001) 1897 Key West Burned Amencan/Steam screw 


side of Northwest Channel, “with the view of turning the entire flood currents of the 
northwest channel across the bar, and the expectation of thus clearing the channel 
without dredging” (U.S. Congress, Senate 1888). The $600,000 project would create a 
5.2-m channel which was expected to result in an “enormous increase” in the 2.500 tons 
of shipping passing through the channel daily. Shipmasiers operating out of Key West 
supported the plan to deepen the channel: 


"The steamers of this [Plant] line could enter and leave at all times, also the 
Mallory and Morgan lines steamers that touch at Key West and leave for New 
Orleans and Galveston could pass out at any stage of tide and make a straight 
course in Comparatively smooth water with no dangers from tides or winds from 
southwest around by south to northwest; all sailing vesscls trading in the lumber 
and cotton business could pass through for Cedar Keys, Pensacola and New 
Orleans, and Galveston" (U.S. Congress, House 1889b). 


The Board of Engineers concurred with Black's observations, but found the plan 
“unlike an ordinary harbor improvement in that the bar to be removed is remote from 
the shore where success must wholly depend upon the proper regulation of conflicting 
tidal currents, with no assistance from permanent banks upon which to base the needful 
training wall” (U.S. Congress, House 1889a). Black was ordered to conduct further 
observations and take borings of the channel bottom down to bedrock. 


Black's second survey confirmed that the bar was caused by the confluence of two 


tidal currents, the first running north and south through the channel, the second 
following an cast/wesi course along the northern side of the reef. The survey also 
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discovered that the channel was underlain by rock at a depth of 7.3 m, mean low tide, 
forming a natural sand-filled ravine 300 m wide. Black modified his proposal to creaic 
a channel 7.3 m deep at a projected cost of $1,500,000. The Corps concurred with the 
modifications, but deemed it unwise to attempt the full 7.3 m depth: “in a work of so 
novel a character, no prediction can safely be made" (U.S. Congress, House 1859a). 


In April of 1896, Captain W. C. Wise of the U.S.S. Amphurue complained of wrecks 
obstructing navigation in Man of War Harbor at Key West. In June, the Secretary of 
War authorized $27,000 for the removal of the barks Marcelo, Brandon, Anto, and 
Almora, the schooners Adelaide Baker and Rosalie, the ship Mane Fredenka, the 


Turn of the Century (1898 to 1916) 


Key West also played an important role in the Spanish American War. With the 
outbreak of war, activity in Key West intensified. Situated only 150 km (80 ami) from 
Cuba, it became an important supply depot and coaling station for the ships of the 
Atlantic Squadron. The military and naval csiablishments on the island were initially 
overwhelmed by the influx of supplics and ammunition, and especially coal. Privaic 
warchouses and docking facilities were leased, while coal was stored on barges anchored 
in the harbor as a stopgap measure until compiction of construction on bunkers 
designed to hold 15,000 tons. Only after construction had begun did anyone realize that 
shallow water prevented the naval vessels from approaching within 10 km (5.4 nmi) of 


channel could be dredged through the harbor to give access to the flect. Meanwhile, in 
the Dry Tortugas, old bunkers were refurbished and new ones built for an additional 
capacity of 20,000 tons. 


The Spanish-American War proved once again Key West's importance as a naval 
hase. The difficulty in getting warships into the harbor had created concern, however. 
Consequently, in 1902, the Navy Department conveyed to the Corps of Engineers the 
desirability of improving Man of War Harbor to allow access for dceep-drafi vessels: 


"Tks needs of the Navy would be attained if Man of War Harbor were dredged 
between the 18-foot curves to a depth of 30 feet and the approaches cleared for 
3 


The Corps duly surveyed the Harbor and estimated the cost of improving Uc 
Channel according to the Navy's requirements at $10,317,000. In 1904, the Board and 
Chief of Engineers concluded that given the expense, it was inadvisable to undertake any 
further im ts at Key West beyond the jetty construction in progress (U.S 
Congress, 1904). 


In February 1908, H. H. Raymond, Vice-President and General Manager of the 
Mallory Stcamship Company, wrote his senator about uncharicd obstructions to 
navigation in Key West Harbor. The Chief of Engineers reported directly to Senator 
Taliaferro that the obstructions represented previously unknown coral reefs that did 
indeed obstruct navigation, but inasmuch as they were located outside the boundaries of 
currently authorized improvement projects, an act of Congress would be required for 
their removal. Shortly thereafter, a bill authorizing the diversion of up to $5,000 from 
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the Key West Harbor improvement project to cover the cost of removing the 
obstructions was recommended for passage in both houses of Congress (US. Congress, 
House 1908; US. Congress, Senate 1908). 


Until the carly 20th century, all transportation through the Dlorida Keys, whether of 
people of of goods, was carned out by boat. In 1861, for cxampic. Captain Brannon 
(who scized Fort Tavior for the Union forces in 1861) was cnturcly dependent on the 
Mordecai and Company stcamer /subel, sailing biweekly between Charicsion and Key 
West. or On passing ships out of New Oricans or St. Marks, for the transportation of 
communigucs to and from headquaricrs in Washington. In 1912, however. Henry M. 
Flagler compicted the multimillion-dollar Florida East Coast Railway to Key West. 
After relative isolation for almost a century, residents of the Florida Keys now had the 
opportunity to travel overland to the mainland. Many took the opportunity and moved 
on. 


Representative vessel losses during the Turn of the Century period are listed below 
in Table 10.9 


Table 10.9. Representative vessels lost Guring the Turn of the Century (1898 to 
1916). 


Country of Ongiy 
Cocurnstance Type of Vesse 


i 
' 


1898 Dry Tortuges Wrected Norwegian Bert 
*68SL73 1900 Ord Prince iniet - - 
Unknown 1900 Dette Shoals - 
Nethe M Siade 1900 Dry Tortugas Wrecked Bart 
a 1905 Dry Tortugas Wrecked ‘Schooner 
Withiacoochee No 9 1906 Pont ingts F oundered Spans Nao 
S&S 0 Co No @ 1906 Dry Tortugas Foundered Schooner 
Mount Pleasant 1906 Plamtation Key Burned Gas screw 
Flora 1906 Key Lar F oundered American Schooner 
Adam W Spres ee Sarrup fey Stranded Schooner 
Sidney wo? Matecumbe Key F oundered Schooner 
Long Key 1907 L ey Stranded ‘Gas screw 
Sego 197 Landing Sent Steamsnp 
Thistie 1907 ss Key Large Stranded Gas screw 
wene 197 Dry Tortuges Wrecked Schooner 
Manatee 1908 Key Wes! Burned Amencan Schooner 
Ethel 1909 Key West F oundered Schooner 
Freddie W Afton 1909 Key West Cothded Schooner 
Flone 1908 Key West Svanded ‘Gas screw 
Ekzabeth Ann 1909 Key West F oundered ‘Schooner 
Carmen 1909 Key West F oundered Sloop 
Rosebud 1909 Key West F oundered Schooner 
Genrude 1909 Koy West F oundered Schooner 
Empwe 1090s Key West F oundered Gas screw 
Braganze 1909 0S Key West F oundered Schooner 
Kate Davis 1908 Key West F oundered Schooner 
Medtord ‘909 Key West Stranded Schooner 
Nethe J 19 Key West F oundered Steam screw 
“ate 1909 Key West F oundered Schooner 
Junvate 1909 Koy Weet F oundered ‘Schooner 
Reape: 1909 Key West F oundered 
impulse 1909 Key West F oundered Schooner 
Hevene 199 Key West F oundered Sloop 
Ada 1soe Key West F oundered Sloop 
Volumteer hf] Sand Key F oundered Americ an Schooner 
Wanderer 199 Flonde Bay F oundered Steam s dewnee! 
Undine 1s» Key West Cotted Gas screw 
Peevess 1909 Boot Key F oundered Steam sidewhee! 
Emme Elza 1909 Cudjoe Key F oundered Schooner 
Manague 1x9 cones wey Stranded Schooner 
Nenme C Bohn 19 Dry Tortugas Stranded Schooner 
Amy 1s» Key West F oundered Schooner 
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Table 10.9. (Continued). 
Country of Ong 

Name Cate Location Cecumstance Type of Vessel 
Qusmruprac 19 0s Key West)Miers F oundered Amer wyGas screw 
Unknown 19 0s Key West - = 
Stiliman F. Kelly 1909 0—s Gat Key Gans Stranded ‘Schooner 
Adare & Norman 19 0s Key West F oundered {Sloop 
S Woodbury 19 0s Key West F oundered ‘Schooner 
Unknown 18) = Key West - o 
Unknown 1909s Key West - 7 
Traon 1909 0s Key West Harbor Burned ‘Schooner 
Noe! 19090 Key West F oundered ‘Schooner 

1910 3=—s Marco Bar Stranded Amencan/Gas screw 
Edwerd 7 Stotesbury 19100 Kinngihtts Key Stended ‘Schooner 
Esteve 1910 3=.-— Berestord Burned ‘Steam sidewhee! 
Alexander Jones 19100 Fowey Rock Stranded ‘Steam screw 
Wham W Converse 1910 )0=—Sss Phalitax River Stranded ‘Schooner 
Flonds 1910 §©=©: Ory: Tortugas F oundered ‘Schooner 
v 1910 «6 Boca Ca F oura:sred ‘Steam sidewhee: 

1910 © Boca. Chica - - 
Cotumtve 1911 Mitton Burned ‘Steam sidewhee! 
Mary Eze 1911 «= Ory Tortugas Stranded ‘Schooner 
Fionde 1911 «= Ory Tortugas Fc undered American Schooner 
Star of the See 1911 Fiondea Reet Stranded Amerncan Schooner 
Ruth A 1911 Boca Chice Burnea Amencan/Gas screw 
‘eatsease 1911 Key West F oundered Amencan Schooner 
Winteid S Shuster 1911 ‘isaac Shoal Stranded ‘Schooner 
S R Maliory 191! = Key West F oundered /Steamsp 
Withe Wallace 1911 Fionda Reet Stranded Amencan/ Schooner 
CA Pierce 1912 §©Marco “« avded Amencan Ges screw 
Witham R Wilson 1912 «=. Pickles Reet —tranded Amencan/Schooner 
Cilfford N. Carver 1913 «Tennessee Reet Stranded ‘Schooner 
Unknown 1913 = Tennessee Reef - - 
Pendieton Brothers 9130 (On TF Stranded ‘Schooner 
Sam! T Beacham 1913 «= Strats of Florida Cothded ‘Schooner 
Planter 914s Burned ‘Steam screw 
Edne Lourse 1914 Ss Key Burned ‘Schocner 
Ameve 1914 = Key West Burned ‘Schooner 
rene Albury 1914 = Long + F oundered /Gas screw 
Marbab 1914 = Pigeon Struck Pier /Schooner 


World War | and Aftermath (1917 to 1920) 


The World War | period of Florida's history begins with the U.S. entry into the war 
in Eu and ends the bricf postwar depression that affected both the Nation and the 
State. war brought some changes to Florida, particularly in the arcas of military 


support and procurement. Shipbuilding, especially in Tampa and Jacksonville, enjoyed a 
minor boom and Key West became a submarine base and naval training facility. 


Domestic activities such as work on the State highway system brought about a 
decrease in demand for water transportation. As a result, stcamer traffic quickly 
declined as a vehicle for the tourist trade. To make wav for new agricultural and 
residential development, thousands of acres of land below Plorida’s coastal ridge were 
drained. Projects in Polk, Pincilas, Manatee, and Lee Counties promoted development 
in the southwestern portion of the State. Timber, beef, and other products continued to 
be shipped from Gulf ports and around the peninsula (Florida Department of State, 
Division of Historical Resources in prep.). Representative vessel losses are listed in 
Table 10.10. 
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Table 10.10. Representative vessels lost during World War | and Aftermath (1917 to 


1920). 
Country of Origin/ 

Name Date Location Circumstance Type of Vessel 
Brazos 1917 Dry Tortugas Stranded (Schooner 
Hereward 1917 Stump Pass Foundered /Schooner 
Diamondtieid 1917 Tillman Foundered Schooner 
City of Washington 1917 Elbow Reef Stranded (Schooner 
Lake City 1918 Key West Collided ‘Steam screw, Cargo 
Unknown 1918  Amercar Shoais - - 
Bessie Whiting 1918 Perico isiand Stranded (Schooner 
Robert 1918 Key West Foundered ‘Barge 
Unknown 1918 Key West - - 
Unknown 1918 Boca Chica - - 
Maria Louisa 1918 Dry Tortugas Wrecked Greek/Schooner 
F. A. Kilburn 1918 American Shoals Burned Steam screw 
Lizzie E. Dennison 1918 Hertzel Shoals Stranoed Schooner 
City of Philadeipma 1919 Punta Rassa Burned Steam screw 
Unknown 1919 Delta Shoals - - 
Louis 1919 Sombrero Key Burned Barge 
Santa Christina 1919 Key West Burned Gas screw 
Unknown 1919 Key West - - 
J. Frank Seavey 1920 Strats of Florida Foundered (Schooner 
Priscilla L. Ray 1920 Key West Stranded ‘Steam screw 
Mayport 1920 Roncador Reef Stranded ‘Steam screw 
Unknown 1920 Key West - - 


Boom Times (1921 to 1929) 


The boom period of Florida’s history saw spectacular population growth and urban 
development. Intense land speculation, atiributable largely to increased tourism and the 
availability of reclaimed swampland, characterized the period and was concentrated in 
the southern half of the State. Accompanying the land boom was an increase in 
highway and railroad construction. To take advantage of both tourism and revenues 
from the transportation of agricultural products, two rail lines were extended as far as 
Naples in 1927. One of these, the Atlantic Coast Line, reached the Everglades later 
that year. Lumber, turpentine, fertilizers, and tobacco and citrus products continued to 
be produced and were increasingly exported by railroad rather than by water (Florida 
Department of State, Division of Historical Resources in prep.). Representative vessel 


losses during this period are listed in Table 10.11. 
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ot Origin’ 
Name Date Location Circumstance Type of Vessel 
C. W. Mills 1921 Dry Tortugas Burned /Schooner 
C. W. Wells 1921 Dry Tortugas Burned {Schooner 
Pauline G 1921 Key West Burned /Gas screw 
Lewis H. Goward 1921 Key West Burned /Schooner 
on 1921 Key West Foundered /Schooner 
nown 1921 Key Wes* - - 
Agnes Bell 1921 Dry jortugas Lost /Schooner 
Unknown 1921 Boca Chica - - 
City of Tampa 1921 Bay Point Burned ‘Steam screw 
City of Eufala 1921 Neals Landing Burned (Steam sidewhee! 
Pilot 1921 Sand Key Burned /Gas screw 
Herbert May 1922 eet Stranded /Schooner 
Caldwell H. Colt 1922 Dry Tortugas Stranded /Schooner 
i 1923 Key West Foundered /Schooner 
John W. Callahan 1923 Whrte River Stranded /Steam sidewhee!l 
Four M's 1924 Sugarloaf Key Burned - 
Lilla 1924 Key West Foundered /Gas screw 
Carrie S. Allen 1924 Key West Burned /Schooner 
Eola 1925 Key West Stranded /Gas screw 
Wiliam Russel 1925 Olympia Foundered /Schooner 
Fanme and Fay 1925 Dry Tortuges Foundered /Schooner 
island Belle 1926 Key West Stranded /Steam screw 
nn 1926 Key West Stranded /Gas screw 
1926 Key West Foundered /Steamship 
Palatka 1926 Mandarin Point Foundered /Steam screw 
Nancy Hanks 1926 Flonda Reef Stranded {Schooner 
Unknown 1926 Key West - - 
Unknown 1926 Key West - - 
Maurice R. Thurlow 1927 Diamond Shoal Stranded /Gas screw 
Thomas Clooney 1927 Bay Point Foundered 
Rose Murphy 1927 Sand Key Light Foundered /Steam screw 
Unknown 1927 Sand Key Light - - 
Eclectic 1927 Boca Grande Stranded /Gas screw 
Swan 1927 Milton Burned /Oll screw 
Moore No. 3 1927 Great isaac Light Foundered /Barge 
leo 1927 Key West Foundered /Sloop 
Albert Meyer 1927 Florida Keys Stranded /Schooner 
Wm. G. Vance 1927 Key West Foundered /Schooner 
Unknown 1927 Florida Keys - - 
Bear Ridge 1927 Hereford iniet Collided /Schooner, Barge 
White Squadron 1927 Key West Foundered - 
John Henry Sherman 1928 Dry ap Stranded /Gas screw 
Anthony D. Nicholas 1928 Monte Canejo Light Burned /Schooner 
Unknown 1928 Key West - - 
of Everglades 1928 Collier Burned /Gas screw 
nown 1928 Sambo Key - - 
Ar 1928 Sambo Key Stranded /Oll screw 
Monroe County 1928 Key West Burned /Oil screw 


Depression and New Deal (1930 to 1940) 


From beginning to end of the decade between 1930 and 1440, virtually every 
measurable aspect of Florida’s economic life remained stagnant. Within that period, 
however, and contrary to popular belief, the economy actually waxed and waned, 
rebounding in 1935 to 1936, only to collapse again until public expenditures associated 
with rearmament gave it new life. Land reclamation projects came to a halt as the 
housing market dwindled away. In 1935, a severe hurricane struck South Florida, 
destroying so much of the Florida East Coast Railway's “Overseas Railroad” to Key 
West that the company decided to sell the remainder to the State. The Works Progress 
Administration (WPA) constructed a road on the former railroad right-of-way, which 
reopened as the Overseas Highway in 1938 (Florida Department of State, Division of 
Historical Resources in prep.). Of those that had stayed in the Florida Keys after the 
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construction of the railroad, the Depression brought grief and ruin to many. In 
desperation, the local authorities appealed first to the State, then to the Federal 
government for aid. As a result. a plan was devised to bring a new indusiry to the 
Florida Keys: tourism. Labor was solicited from the local population, and under the 
auspices of the Works Projects Administration, the Florida Keys began to be 
transformed into a tourist resort (Florida Department of State, Division of Historical 
Resources in prep.; Corliss 1953; Saunders 1959; Camp 1960; Long 1968). 
Representative vessel losses during this period are listed in Table 10.12. 


Table 10.12. Representative vessels lost during the Depression and New Deal (1930 


to 1940). 
Country of Origins 
Name Date Location Circumstance Type of Vessel 
W. J. Colle 1930 Key West Foundered (Schooner 
1930 Key West Burned ‘Schooner 

Unknown 1930 Key West - - 

Jee 1930 cymes Foundered ‘(Gas yacht 
Amos Watchitt 1930 Key West - - 
Captain Fritz 1930 Cedar Treet Burned /Steam sternwhee! 
Hiawatha 1931 Eastport Burned /Oil screw 
Unknown 1931 Detta Shoals - - 
65 1932 Phillip iniet Foundered 
Unknown 1932 Tavernier Key - - 
Unknown 1932 Detta Shoals - - 
Hilton 1937 Carystort Reet Stranded /Gas screw 
E. J. Bullock 1938 Ory Tortugas Foundered /Steam sternwhee! 
E. J. Bullock 1938 Dry Tortugas Foundered /Steamship 
Venetia 1939 Ft Myers Burned /Gas yacht 
Caroline 1939 Cumberiand Sound Foundered /Oll screw 
3R 1940 Keys red /Gas screw 


World War Il and Aftermath (1941 to 1949) 


During World War II, Florida became one of the Nation’s major training grounds 
for Army, Air Force, and Navy personnel. Several training centers were constructed and 
Key West was returned to active service as a naval base. Also at this time, coastal 
defense became a major consideration. German U-boats lurked in the Gulf Stream off 
the Florida coast, preying on enemy shipping. Sinkings were frequent events. The Civil 
Air Patrol, the Coastal Picket Patrol, and a hodgepodge of craft ranging from pleasure 
boats to dirigibles maintained a submarine watch. Shipbuilding became the State's 
principal industry, with much of this activity concentrated in Tampa Bay, Andrews Bay, 
and the St. Johns River. Florida emerged from ihe war with a strong economy, of 
which tourism quickly became the dominant comp oaent (Florida Department of State, 
Division of Historical Resources in prep.). Representative vessel losses are listed in 


Table 10.13. 


397 


Submerged Cultural Resources 


Table 10.13. Representative vessels lost during World War Ii and Aftermath (1941 to 


1949). 
Country of Ongin/ 
Name Date Location Cwcumstance Type of Vessei 
Lorce L 1947 Ney West F oundered Oil screw 
Barbara 1948 Key West Hurncane Ges screw 
Avis G Abel 1949 Key West Burned (Gas screw 
icacos 1949 Rey West Burned Gas screw 


The Development of Commerce and Industry in the Florida Keys 


The maritime history presenied below highlights the importance of Key West as a 
port. Prior to the compicuion of the railroad bridge (and later, highway) connecting 
Key West with the Florida mainiand, all of the transport into and out of the arca was 
by ship. The heaw marine traffic and the hazardous reets and shoals of the Florida 
Kevs explain the presence of numerous shipwrecks in the area. 


Throughout the historical period, Key West has attracted vessels like a magnet. For 
example, the noted English cartographer Bernard Romans, who published detailed 
sailing directions involving navigation through and within the Florida Keys in the 1770s, 
mentioned Key West (then Cavo Hueso), as a good watering point for vessels and 
indicated that “small deer” were available as a source of fresh meat for passing vessels 
(Romans 1775). 


The following description of historical commercial and industrial shipping, as well as 
related onshore activities, has wentified the potential for a rich archeological record on 
the inner continental shelf. At the same time this analysis provides the foundation for 
our understanding of the nature and distribution of these classes of cultural properties. 


Shipping. Though initially sctiled as a military outpost, Key West's potential developed 
with surprising rapidity. On 7 May 1822, Congress established Key West as a port of 
entry. Soon thereafter, it became one of the most important transshipment points for 
flour and other commodities destined for Cuba. In 1826, 197 vessels (30 forcign, 167 
American) entered the Port of Key West. Of these latter, 154 arrived from forcign 
ports. Also that year, 208 vessels (27 foreign, 181 American) cleared the port, including 
151 destined for foreign ports. In December, 1827, the tonnage of Key West itself 
amounted to 1,223 vessels registered, and 59 enrolicd. Imports for the year 1828 were 
reported as $164,446, with exports of $118,520. 


By 1835, the number of vessels arriving and departing Key West had grown 
Significantly. In that year, 331 vessels (10 foreign, 321 American) entered, while 
clearances numbered 260 (12 foreign, 248 American). 


After the Civil War, Key West continued to grow in importance. By 1874, imports 
totaled $660,432. In 1876, 227 U.S. vessels arrived in Key West, including 153 stcamers, 
66 schooners, 5 brigs, 2 barks, and | ship. Three hundred sixty-five forcign vessels also 
made port at Key West, including 52 steamers, 266 schooners, 26 sloops, 12 barks, 

7 brigs, and 2 ships. U.S. vessels clearing port numbered 221 (155 steamers, 
52 schooners, 7 barks, 6 brigs, and 1 ship), while 350 foreign vessels cleared the port 
(60 steamers, 258 schooners, 26 sloops, 2 barks, 2 brigs, and 2 ships). 
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In 1888, in response to a yellow fever cpidemic, the Senate Commitice on Epidemic 
Diseases recommended the establishment of a quarantine station ncar Key West, “on 
account of the rapidly growing commerce with Cuba, the West Indics, and the Central 
American ports, nearly all of which are more or less constantly afflicted with yellow 
fever” (U.S. Congress, Senate 1888). 


Commercial shipping through Key West continued to grow through the 20th 
century. Imports for 1914 totaled $1,293,683, while exports amounted to $747,346. 
Noncoastal vessels entering the harbor numbered 626. Clearances for noncoastal vesscls 
totaled 601. The post-World War | years brought rapid growth to the island. By 1920, 
imports had reached $7,214,730. Exports had soared to $62,676,788. In that year, 
noncoastal vessels arriving in port numbered 1,144; while 1,111 vessels cleared Key West 
for foreign ports (Maloncy 1876; History of Flonda Past and Present 1923). 


Shipbuilding. Key West also developed its own shipbuilding industry, and by 1853 had 
its Own marine railway. By 1878, over 2,000 vessels of up to 519 tons were serviced. 
Between 1835 and 1876, 31 vessels were built in Key West for local owners. These were 
primarily schooners and sloops, ranging from 5 to 171 tons. However, one large vessel, 
the clipper ship Stephen R. Mallory (of 980 tons and built of mahogany) was launched in 
855. This two-deck, round-stern “clipper,” built by Bahamian John Bartlum, was 50 m 
long, 11 m in beam, with a depth of hold of 5.4 m, and was fastened with iron and 
copper. In the years before the Civil War, the Mallory traveled from New York to San 
Francisco and from London to New York. The vessel continued to operate under Key 
West ownership until 1864, when she was sold in London (U.S. Congress, Senate 18), 
Maloney 1876; Mueller 1967). Undoubtedly, a variety of small craft were constructed 
locally throughout the islands’ history as well. 


Commercial Fishing. With its extensive coastline, South Florida has always enjoyed a 
thriving fishing industry. From about the mid 18th century, fishermen from Cuba 
frequented both the Atlantic and Gulf coasts of South Florida and the Florida Keys. 
These hardy souls, who oficn came in family groups aboard sizable sloops, sometimes 
established semipermanent camps on the higher keys, where they caught and salted their 
catches for export to Cuba. Another important export not commonly reported during 
this period was oil rendered from the fat of the docile marine mammals called manatees 
(Covington 1954). 


After Florida became a U.S. territory, American settlers began to occupy locations 
in the Florida Keys. Remote from the growing troubles with the Seminole in North 
Central and Central Florida, which were destined to erupt into the Second Seminole 
War (1835 to 1842), the Keys were considered relatively safe and settlement there 
preceded that in most of the peninsula. 


As a result of the Keys’ proximity to thousands of square kilometers of shallows 
teaming with an extraordinary variety of marine life, fishing, although initially a 
subsistence activity, shortly developed major economic importance. By 1828, some 780 
tons of local shipping was involved in the fishing industry and over $100,000 worth of 
fish a year were exported to Havana. 


The bottom-fishing fleet of 1895 consisted mostly of 2- to 3-ton smacks equipped 
with open wells to keep the fish alive for market. Ninety-one boats, including five 
schooners and employing over 100 persons, were engaged in bottom fishing in Key West 
and the Lower Keys in 1895. This fleet produced a catch of 737 tons valued at $58,901 


that year. 
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Sponge Fishing. Commercial sponging began in Key West before 1849. Initially, good 
sponging grounds could be found from the Marquesas all the way northward to Cape 


Florida and Biscayne Bay. Aficr 1850, at least 150 schooners were involved in sponging 
along the coast north of Soldier Key while almost 200 smaller vessels were reportedly 
working beds around Key West in 1895. The larger vessels tended to work Gulf waters, 
while the smaller stayed mainly in the Florida Keys and Southeast Florida coast area. 


By 1888, many of the shallower sponge beds had been depleted by overuse, and 
poling sponges up from greater depths was difficult. In the early years, 1,000 to 1,800 
bunches might be brought in from a single trip, but by 1895, 500 bunches were 
considered a good harvest. In 1896, a hurricane caused the joss of at least 17 sponging 
vessels. By the turn of the century, Tarpon Springs had replaced Key West as the 
center of the Florida sponge fishing industry (U.S. Congress, Senate 1897; History of 
Flonda Past and Present 1923; Shubow 1969). 


The Wrecking Industry. The tremendous number of vessels plying the Straits of Florida 
gave rise to Florida's earliest, and, during the first half of the 19th century, largest and 
most infamous industry--wrecking. Local inhabitants were on constant watch for vessels 
wrecked on shoals or reefs. In such an event, the cargo, portions of the ship, or even 
the entire vessel might be claimed by cager “wreckers.” Recovered goods were often 
written off as losses by the ships’ owners. Before Key West became a port of entry in 
the 1820s, wrecks and cargoes recovered in South Florida were generally taken to 
Nassau or Havana for adjudication. However, in 1826, the U.S. Congress enacted 
legislation requiring that all salvage claims within American waters be brought to a U.S. 
port for settlement. 


At first, most wrecking cases were transferred to St. Augustine on the upper Florida 
East Coast but in 1828, Congress established a Southern Judicial District seated at Key 
West. The settlement rapidly developed into the center of the “wrecking industry.” In 
1834, an observer noted that, “every person resident on the island is engaged in one out 
of only two occupations: he is either a Government officer, or he is a wrecker” (Tebeau 
1960). 


Between 1848 and 1859, 618 vessels, carrying cargoes valued at $22 million, were 
damaged off the coast of Florida. However, by the mid 1850s, government-built 
lighthouses were having a positive effect as navigational aids. In addition, both actual 
and alleged excesses on the part of the wreckers gave rise to a variety of restrictive 
government regulations during this period. As a result, wrecking activity waned, though 
wrecking incidents continued sporadically until weli into .he 20th century (U.S. 
Congress, Senate i838, 1839; Merrick 1941; Diddle 1946; Dodd 1948). 


Agricultural Products. In a limited way, Key West and some of the keys to the north 
also contributed agricultural products to the local economy and, to a lesser extent, for 
export. For example, before the outbreak of the Second Seminole War (1835 to 1842), 
Dr. Henry Perrine experimented with over 200 different varieties of tropical plants, 
primarily fruits, in a nursery established on Indian Key near Key Largo. The experiment 
lapsed, but some of the species Perrine introduced still exist in the Florida Keys today, 
although they are not commercially grown. 


Pineapples were one of the agricultural products that gained a foothold in the 
limited agricultural area available in the Florida Keys (as they did in many areas of 
Southwest and Southeast Florida) during the late 19th and early 20th centuries. Large 
pineapple fields were established on both Key Largo and Elliot Key, and the fruit was 
loaded from the beach on sloops for shipment directly to markets in Baltimore, New 
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York, and Bosion. Although Cuban competition ended the pineapple boom, the fruit 
was grown commercially in the Keys until after the turn of the century. 


By the late 1830s, several cigar factorics had sprung up in Key West, utilizing Cuban 
immigrants and high-quality Cuban tobacco. By 1870, some 29 cigar factories, each with 
an average income of $62,415, and with an aggregate of over 2,000 employees, were in 
operation. The cigar enterprise was severcly affected by a huge fire in 1886, which 
resulted in the shift of much of the industry to Tampa in Southwest Florida. Even so, 
cigar making contributed significantly to the local economy as late as 1923 (Maloney 
1876; History of Flonda Past and Present 1923, Cash 1948; White and Smiley 1959). 


Factors Governing Shipwreck Occurrence in the Study Area 


Previous studies of submerged cultural resources in the Gulf of Mexico and along 
the Atlantic coast have produced a number of conclusions regarding factors influencing 
shipwreck occurrence. Garrison ct al. (1989) have atiempicd to recognize paticrns 
based on actual shipwreck locations, shipping routes, and environmental conditions, 
particularly hurricanes. They identified a trend toward increased numbers of shipwrecks 
through time, as well as a correlation between shipwreck density and storm occurrence 
in the northern Gulf of Mexico. Significant hurricanes occurred in the Straits of Florida 
in 1551, 1554, 1622, 1623, 1634, 1641, 1644, 1695, 1720, 1733, 1780, 1835, 1846, 1876, 
1894, 1896, 1893, 1906, 1909, 1910, 1916, 1919, and 1960. Many involved considerabic 
damage and claimed a number of vessels. The Hurricane of 1622, for example, resulted 
in the loss of the galleon La Margarta and the Nuestra Senora de Atocha west ot the 
Marquesas Keys, plus the Nuestra Senora de Rosario and several other vessels in the Dry 
Tortugas. 


In 1695, the fourth-rate Winchester was lost near Kev Largo. The hurricane of 1733 
claimed 15 vessels in the Florida Keys. Garrison ct al. (1989) have compiled a table of 
hurricane activity and losses in the northern Gulf of Mexico for the 16th, 17th, and 18th 
centurics. 


The first officially recorded hurricane at Key West occurred on 15 to 17 September 
1835, coincident with the appearance of Halley's Comet. Many vessels were wrecked on 
the reefs or otherwise damaged. The severe hurricane of 11 October 1846 wiped out a 
year’s work on Fort Taylor. It also washed away the first lighthouse, and sent a house 
floating Out to sea with someone still inside. The hurricane of 1896 dealt serious injury 
10 Key West's sponging fleet. Merchant Vessels of the United States for 1909 records at 
least 25 registered vessels lost at Key West during the hurricane of 11 October of that 
vear, including 16 schooners, 3 sloops, 3 gas screws, and 2 stcamers. (This storm also 
destroyed several cigar factories and most of the island's churches, though the saloons 
survived unscathed.) Another hurricane the following year claimed at least 13 more 
registered vessels, including 10 schooners, 2 stcamers, and | gas screw (U.S. Department 
of Commerce 1906-41; White and Smiley 1959). 


A significant geographic factor controlling the location of shipwrecks identified by 
Garrison et al. (1989) was the i jorida Keys themselves. The authors concluded that, 
“the convergence of winds, current, reefs, and storms, make the Straits of Florida the 
most hazardous area for ships that exit or enter the Gulf.” 


In 1887, Captain P. H. Hanlon of the Plant steamship Mascone corresponded with 
Captain Black of the Army Corps of Engineers regarding Black's proposal to deepen the 
Northwest Channel at Key West. His letter offers a 19th-century shipmaster’s view of 
the hazards of the Florida Keys: 
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“] am not prepared to state the number of vessels lost on the reefs west of Kev 
West, but I know there has been many picked up on the west end of the Quick 
Sand and around where the Rebecca Light now stands, all the dangerous 
navigation of the reef from Key West to the Rebecca Channel, and the dangers 
of passing through the Rebecca would be avoided [by deepening the Northwest 
Channel]. The winds from northwest, around by west to south, produce tog, 
and what is called by the majority of scamen smoke. This smoke | have found 
to exist more thick the closer you go to the reefs, and also going through the 
Rebecca.... 1 also found the flood-tide to run north and sweep through the 
Boca Grande Channel, and also through the Rebecca.” 


"The effect of this tide is strongly felt on the outside of the reef, particularly 
when the wind is southwest, south, or southeast, which wind influences the Gulf 
current and blows it almost right on the reefs, making it impossible for any 
Sailing vessel to sail close enough to keep out of current or make any headway 
in moderate weather. Another danger to sailing vessels in these waters must be 
taken into consideration; that is, the winds almost at all times die out at night 
and leaves them to the mercy of the tide. The current runs due cast almost all 
year, but the northern winds in the spring blow it on the coast of Cuba. South 
and southwest winds blow it back on the Florida recfs” (U.S. Congress, House 
1889b). 


Previous Research and Predictive Models 


The 1977 baseline study for historical resources on the northern Gulf of Mexico 
continental shelf developed a predictive model for shipwreck distributions within that 
region (Coastal Environments, Inc. 1977). It estimated a total population of 2,500 to 
3,000 shipwrecks, at least 70% of which would date to 1800 or later. It further 
predicted that 80 to 90% of the total shipwreck population would be located within 
10 km (5.4 nmi) of the Gulf coastline. Seventy to ninety percent of those vessels were 
expected to be found concentrated in a zone extending 1.5 km (0.8 nmi) from the coast. 
Finally, the 1977 study postulated a bell-shaped curve for shipwreck events, with a peak 
during the period 1880 to 1910. 


Mistovich and Knight (1983) tested part of the 1977 predictive model against data 
compiled for a submerged cultural resources survey of Mobile Bay, Alabama. They 
estimated that their own shipwreck data represented 20°% of the probable total for small 
merchant vessels, 5 to 10% of pleasure craft and small noncommercial vessels, and 50% 
of the total number of larger commercial shipwrecks which occurred in and around 
Mobile Bay through time. They concluded: 


"These estimates imply a much larger potential shipwreck population than that 
suggested by Coastal Environments, Inc. ..who imply that their inventory (which 
included only 111 entrics for the Mobile Bay area as compared to 282 in this 
one) is conservative by a factor of only 24 to 37%" (Mistovich and Knight 
1983). 


The revised baseline study for the northern Gulf of Mexico (Garrison ct al. 1989) 
used statistical analysis on a computerized shipwreck data base to test the previous 
model. The 1989 wreck file contained more than 4,000 entrics. While the authors 
recognized an unspecified level of underreporting, they did not estimate a total potential 
shipwreck population for the study area. Temporally, the results of the siatistic anaiysis 
conflicted with the 1977 model. Rather than the bell-shaped curve predicted by Coastal 
Environments, Inc., Garrison ct al. found an overall increase in the number of 
shipwrecks over time. They concluded: 
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"This fact is somewhat surprising if one assumes, like the [Coastal 
Environments, Inc.| investigators, that improvements in the technology of ship 
design, the use of artificial motive power such as dicsel or sicam, and better 
navigational tools would reduce the number of ships lost over ume. This 
Statistic may be too gencral, and the rate of shipwrecks may be more indicative 
of the influence of improved technology. Improved technology may allow more 
vessels to be exposed to risks that carly mariners would avo because of 
recognized shortcomings in their ships or navigational aids” (Garrison et al. 
1989). 


Utilizing spatial distribution plots, the same authors determined that 75 of 
recorded shipwrecks within their study area were located in nearshore environments 
(ports, channels, coastal waters), with the remaining 25° occurring in the open sca. 
For nearshore environments, the study found that values for shipwrecks in port arcas 
peaked during the 19th century. Thev atiributed carlicr losses to primitive navigation, 
storms, piracy, warfare, and a progressive increase in the number of ports through time 
AS an expianation for the continued frequency of nearshore shipwrecks through the 19th 
and 20th centuries, the authors speculated that “the categories of ports and bars may be 
an example of a mixed variable. An explanation of the trequency of shipwrecks may de 
the direct result of a ship coming to port where an entrance bar lies.” For shipwrecks 
occurring in coastal waters, they concluded that “other bars such as longshot: .* off 
headlands are factors in explaining the occurrences of wrecks in shallow water. 
Sirandings are the result of encountering these hazards” (Garrison ct al. 1989) 


The distribution patierns for the remaining 25% of shipwrecks located in the open 
sea are “the result of economic decisions involving maritime commerce...f[ic., the use of 
specific shipping lanes]. As a determining cause in shipwreck patterns, winds and 
currents must be viewed as scoondary’ (Garrison ct al. 1489) 


There may also be a partial correlation between ports and hurricanes to explain the 
high frequency distributions of shipwrecks found in port arcas be Garrison ct al. (198%) 
With the advent of weather reports, shipmasters would have been forewarned and more 
of them would have had the opportunity to take refuge in protected harbors. Even so, 
many vessels in harbors were sull lost to hurricanes. This may be a partial explanation 
for the continued concentration of shipwrecks in ports at later periods. Other 
contributing tactors may have been scuttling, abandonment, and dockside fires 


The baseline study for the northeastern US (Roberts 1979) added another factor to 
the prediction of density and distribution of wrecks. This factor was the changing 
buovancy of vessels over time. Figure 10.2 illustrates the expected effect of all factors 
contributing to the density and distribution of wrecks over time. One caution ts 
necessary, however. When using shorcline position and water depth to predict the 
location of wrecks, the models apply to the shoreline position and water depth ar the 
tume of the sinking. \t has been demonstrated that ongoing coastal crosion through time 
may drastically alter coastlines and offshore water depths which in turn will influcnce 
the accuracy of preaiction (Roberts 1985) 


While the conclusions of the previous bascline studics regarding causal factors and 
distribution patterns follow the gencral line of common sensc, there are some problems 
encountered in applying a broad-range shipwreck study tG a specific area, The most 
basic difficulty is inherent in the data themscives. Recorded accounts of shipwrecks are 
highly variable in quantity, quality, and substance. For some classes of vessels, such as 
the Spanish treasurc ficets, there has alrcady been cnough primary research to produce 
at least a couple of respectable wreck lists (see, for example, Marx 1975). Even so, 
locational data are still rather sketchy. Available shipwreck data for the southeastern 
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U.S. appear to be gencrally skewed toward more recent larger commercial vessels. 
military craft (especially those of the Civil War period), sicamboats, and in Florida, 
Spanish treasure ships. The data limitations noted by Mistovich and Knight (1983) for 
shipwrecks in Mobile Bay are generally applicable to coastal Florida as well: 


"It & undoubtedly deficient for small colonial craft and carly sailing vesscls, 
perhaps especially for pre-Civil War coastal fishing..craft. Pleasure boats of all 
periods are definitely under represented, as there are no rowboats, caiboats, or 
skiffs in the compilation, and too few smil yachts. Working craft too small for 
commercial registration do not make an adequate appearance.” 


While the lack of available data on local and small craft may not seriously retard 
statistical manipulations and generalized conclusions for larger arcal studics, as the arca 
gcts smaller, the significance of this gap becomes progressively greatcr. 


The fishing industry of the Florida Keys serves to illustrate additional problems of 
data and scale. In 1895, more than 400 fishing vessels operuted out of the port of Key 
West alonc, most of them sailing every day, year round. Yet quantitative and 
descriptive data on local fishing indusirics are hard to find, vessel-specific data are cven 
more difficult. The exclusion of these vessels from submerged cultural resource 
management studics can result in a lopsided view of maritime activity, and thus of 
density of potential sites, within the study areca. 


Herein lies the problem of scale, however. The majority of fishing vessels operating 
out of the Florida Keys confined their cruising arcas to those immediately off the 
Florida coast. Such a limited crussing range docs not fit well into generalizations about 
shipping patierns in the northern Gulf of Mexico 


The data void created by the lack of information on small craft is intensified in 
coastal Florida. Until the compiction of the Florida East Coast Railway in 1912, boats 
were as necessary to Key dwelicrs as today’s family cars, and like them served the needs 
of both work and pleasure (Reiger 1971) 


A final shortcoming in large arcal studics of shipwreck occurrence is that they tend 
to focus on causal and locational factors that can be linked with established 
geographical patterns such as hurricane and sca currents. The valuc of such studies ts 
not in question. There are, however, a number of other factors that have not received 
adequate attention. Vessel losses by explosion and burning fall into this category 
Cultural factors, such as pirate attacks, abandonment, and intentional disposal also 
warrant further investigation. As with fishing vessels and other small craft, these might 
be better examined thematically, or within a more limited geographic arca 


Survivability 


The earliest systematic shipwreck investigations occurred in the late 1950s and carly 
196% and focused on Classical sites in the Mediterrancan Sea. The first archeological 
principles of site formation and shipwreck preservation therefore tended to dismiss the 
potential for significant shipwreck preservation in shaliow, high-coergy environments, 
directing archeologists instcad toward deep sites with silty bottumm: Even today, after 4) 
years of archeological and historical research supported by m Sote sensing data and 
direct field observation, some archeologists still cling to the fa) « tea that significant 
wreck remains do not survive in high-energy zones (Bass 1975, Mucke'roy 197K, Apranat 
19RR) 
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Coastal Environments, Inc. (1977) identified six major factors relating to the 
preservation of shipwrecks: (1) sea state; (2) water depth; (3) bottom type; (4) nature of 
adjacent coast; (5) strength and direction of currents and waves; and (6) size and type of 
construction of vessel. They concluded that the distribution of wrecks of wooden vesscls 
in shallow, reefy areas would follow the patterns of vessels lost on exposed coasts. 
Furthermore, "the distribution of wreck remains on broad, flat expanses of reef will 
generally greatly exceed those of a vessel lost on a reef with considerable variation in 
elevation.” The study found that wrecks of steel vessels retained a higher degree of 
Structural integrity than their wooden counterparts. They noted, however, that remains 
of ariy vessel that struck a reef, passed over, and settled into the relative shallow calm 
behind the reef might be less widely distributed. 


Garrison et al. (1989) identified five classes of site preservation: (1) extensive 
Structural remains; many organic remains and other objects in coherent distribution; 
(2) and (3) hull fragments, some organic and other objects, scattered distribution; 

(4) and (5) no hull, few to no remains, scattered, disordered distribution. They then 
compared archeological data from 18 wreck sites in the Gulf, Atlantic, and Caribbean. 
They found poorly preserved structural remains in 9 vessels sunk in high-energy, 
coarse-sediment environments, while organic remains were either absent or poorly 
preserved in 11 vessels in the same environment. Preservation of other objects varied 
widely and did not correlate with environmental factors. They also concluded that 
discontinuous wreck sites occurred only in high-energy environments, and that 
i9th-century wrecks are generally in better condition than those of earlier vessels. On 
the basis of an evaluation of environmental characteristics, the authors determined that 
the area encompassing the Fiorida Keys/Tortugas rated high for shipwreck potential, but 
low for preservation potential, for a moderate potential overall. 


The question of the preservation of shipwrecks in high-energy zones is still being 
debated. Muckelroy (1978) has demonstrated that the potential for interpretation and 
reconstruction On "scrambled" sites far exceeds the limits generally perceived in the 
profession. The investigation of 8SL17, a surf-zone site on Florida’s Atlantic coast 
concluded that, "...it is absolutely worthwhile and necessary to record both horizontal 
and vertical provenance. We are finding some differential vertical sorting but not nearly 
the horizontal movement expected if the common sense assumption holds correct” 
(Cockrell and Murphy 1978). 


The variation of preservation from: site to site is a result of chemical as well as 
physical processes. Those studies which have addressed re-sorting of artifacts on the 
seabed demonstrate that these processes and patterns of movement can be reconstructed 
on the basis of meticulous observation of conditions and documentation of finds. With 
proper recording and application of conservation techniques developed specifically for 
archeological materials recovered from underwater sites, significant contributions can be 
made to archeological study. As Steffy (1978) has pointed out, even a single structural 
fragment can be of immense value (see also Bass 1975; Cockrell and Murphy 1978; 
Muckelroy 1978; Agranat 1988). 


With respect to wreck sites in low-energy zones, it has generally been considered an 
axiom in underwater archeology that the level of preservation of shipwrecks and 
associated artifacts increases with increasing depth and decreasing temperature. 
Often-cited examples of this phenomenon are the Alvin Clark, and the War of 1812 
vessels Hamilton and Scourge in the Great Lakes. Observations of the remains of the 
Titaxic since 1985, however, challenge this long-accepted notion: 
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“Only the great mass of the wreck had prevented a more complete destruction 
of the hull and superstructure. Expected redox rates due to low temperatures 
did not prevent the deterioration of the ferrous materials by biological and 
chemical factors. Certainly reduced or zero activity by one marine organism did 
not preclude the presence of another where the wood was concerned. Some of 
the more hallowed expectations concerning preservation in deep water shipwreck 
archeology were changed by early discoveries made on the Titanic" (Garrison ¢t 
al. 1989). 


More recently, a 17th-century Spanish galleon was discovered at a depth of 460 m 
off the Southwest Florida coast in May 1989 (Tuscaloosa News, 28 June 1989). The 
vessel appears to be intact with near-perfect preservation. Clearly, a generalization of 
wreck preservation processes in deep water would be premature at this time. Only 
through the systematic investigation of a variety of shipwreck sites in a variety of 
environments can archeologists hope to develop an overall theory of preservation 
processes. 


Detectability and Recoverability 


The location, identification, investigation, and interpretation of shipwreck sites is a 
Systematic process. The location of shipwreck sites encompasses two separate, but 
complementary investigative techniques: historical research and field survey. The 
purpose of historical research is twofoid. First, it provides an overview of human 
activity with the study area. Historical research may uncover patterns of cultural 
behavior that are indicative of potential shipwreck distributions. Examples are maritime 
trade routes and fishing grounds. Secondly, historical research can yield vessel-specific 
data on shipwreck events. Any investigation should begin with broad historic research, 
concentrating On secondary sources, followed by a more intensive examination of 
pertinent primary materials. 


Surveys for submerged archeological resources are generally carried Out using remote 
sensing technology. Occasionally, site conditions will preclude the use of such 
instruments. Geologic characteristics of the underlying bedrock, for example, can in 
some instances render a magnetometer survey entirely useicss. For the most part, 
however, remote sensing offers the least expensive, most productive method for locating 
shipwreck sites. Three primary techniques are used in remote sensing surveys. The 
magnetometer detects changes in the magnetic field caused by ferrous objects, such as 
engines and hull fastenings, on the sea bottom. It cannot locate sites that lack ferrous 
components. Side-scan sonar uses acoustical waves to create terrain maps of the ocean 
bottom. Wrecks which protrude above the surface can be located using this method. 
Aerial survey and satellite imagery can also be of use in locating submerged sites, 
although they are dependent on visibility, wavelength, and scale. Lastly, remotely 
operated vehicles have proven particularly useful in locating shipwrecks in deepwater 
environments, beyond the reach of traditional methods. When equipped with video 
systems, they simulate first-hand observation of the ocean bottom. Navigational control 
is critical in remote sensing survey. Likewise, line spacing should be designed for 
maximum return, assuring adequate overlap. Remote sensing surveys generally yield a 
number of targets and/or magnetic anomalies. An analysis of the signal pattern may 
Suggest an origin; however, in situ examination, whether by an archeologist or by a 
remote sensing device, is generally necessary to identify the object. 


Once a shipwreck has been located, a near-field magnetometer survey may aid in 
delineating site dimensions. The application of remote sensing technology to the 
investigation of a single shipwreck site was pioneered by Clausen on a wreck off the 
east coast of Florida in 1965. That study concluded that, "The systematic survey oi an 
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underwater historical period shipwreck site using an advanced proton-type magnetomcicr 
has permitted us to plot the distribution of the major ferrous components of the 
wrecked vessel in situ” (Clausen 1965). The technique was refined further by Clausen 
and Arnold (1976) on shipwrecks off the Texas coast. Controlled test excavations will 
vield valuable archeological data while keeping site disturbance to a minimum. Test 
excavations provide a representative sample of maicrials preserved at the site, from 
which an assessment of the relative condition of the vessel and associated artifacts can 
be drawn. Recovered materials may also offer clucs to the identity, origin, and date of 
the vessel. 


The investigation of shipwrecks in deepwater environments (i.c., beyond the limits 
for diving) requires that the archcologist complete all studics with remotely operated 
equipment. Video and photogrammetric surveys have already been accomplished on 
deepwater sites, as well as limited artifact sampling. 


CULTURAL tESOURCE MANAGEMENT ISSUES 


The foregoing analysis of cxisting information makes it clear that important 
clements of our National heritage do indeed lic on the continental shelf and that they 
can be detected and recovered with today’s technology. While the concept of 
preservation in place is as valid for these resources as it is for terrestrial resources, 
there are forces at work that put these little-known sources of significant information 
and material at risk. 


The management of offshore cultural resources requires a knowledge of the full 
range of potential resources as well as an understanding of threats to their integrity. 
Additional analytical studies as well as detailed studies taken in advance of planned 
offshore activities will significantly add to our knowledge of the sheif's resources. It is 
also currently possible to identify those activities that affect resources and thus plan for 
avoidance of the expected resources or develop programs to mitigate this effect. 


There are two classes of issues to be addressed on the South Florida shelf at this 
lime. The first is uncontrolled salvage of significant cultural resources, which instills 
urgency into the task of locating, evaluating, protecting, and preserving these clements 
of our past. The second is the potential effects of mineral extraction activities and their 
supporting infrastructure on the expected resource base. Concerns raised by the State 
of Florida with respect to the effects of oil and gas operations, including the hazards 
accompanying accidents such as oil spills, are included in the discussion below. 


Uncontrolled Salvage and Vandalism of Cultural Resources 


The development of scuba in the mid 20th century introduced a new threat to the 
shipwrecks in the Florida Keys. The Conference on Underwater Archeology and the 
Society for Historical Archeology have estimated that more than two million Americans 
belong to recreational diving community (U.S. Congress, Office of Technology 
Assessment 1986). A great many of these dive in Florida watcrs. The size of the 
tourist trade in the Florida Keys virtually guarantces that a number of foreign visitors 
als dive on Florida wrecks cach year. While the potential for harm to an individual 
wreck site from a single sport diver may be comparatively low, the sheer numbers of 
divers visiting wrecks off the Florida coast annually has resulted in considerable 
attrition. 


Though sport divers pose a threat to submerged cultural resources by their sheer 
numbers, ihe threat from organized treasure salvaging operations is much greater. The 
development of new remote sensing technology has greatly expanded access to 
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shipwrecks off the Florida coast. With the magnetometer, vast arcas of occan bottom 
can be surveved from a boat with relative case. Treasure salvagers have been 
particularly attracted to the gold-laden Spanish treasure wrecks of the 17th and 18th 
centuries. Arnold (1978, 1981) has wWentified three primary archeological principics that 
have traditionally been ignored, or minimized, bw salvage operators: “Careful excavation, 
recording Of provenance, and cxicnsive conscrvalion afe to a treasure hunter a waste of 
lume, and time is money” (Arnold 1981). Over the years, the State of Florida has 
developed programs and regulations for the commercial recovery of artifacts from the 
Sea bed, aimed at minimizing the loss of archeological data through indiscriminate use 
of technology (see, for example, Burgess and Clausen 1976). The Florida Historic 
Resources Act of 1989 establishes policy and responsibilities for the stewardship of the 
State’s historic and archeological resources. This act applies to resources within the 
underwater jurisdiction of the State. 


Since 1979, there have been attempts to coordinate shipwreck preservation through 
legislation on the Federal level. Finally, in 1987, the U.S. Congress passed the 
Abandoned Shipwreck Act, which asserts public owncrship of abandoned vessels in State 
waters and transfers responsibility for shipwrecks embedded in State bottomlands to the 
states. Tithe to warships and other publicly-owned vessels is retained by the Federal 
government. This Icgislation effectively removes shipwrecks in State waters from the 
jurisdiction of the Admiralty Courts and places them within the public trust (U.S. 
Congress, Office of Technology Assessment 1986, National Park Service [NPS] 1989). 


The Abandoned Shipwreck Act also directed the NPS to develop and publish 
guidelines for State and Federal agencies to assist them in developing Segislation and 
policies under the Act; "The Guidelines are intended to enhance cultural resources, 
foster a partnership among the interested groups, facilitate recreational access and use, 
and recognize the intcrests of those engaged in shipwreck discovery or salvage” (NPS 
1989). 


Mineral Extraction Activities 


According to Chapter 11, oil and gas development is the only mincral extraction 
activity Currently anticipated for the continental shelf of the study area. Other 
exploitable resources such as phosphate deposits may exist offshore in the study area, 
however, there is no existing mining activity, and none is expected in the foresecable 
future. 


Dredging of offshore sand deposits for beach fill does occur in South Florida and 
has the potential for damage to submerged cultural resources. The extraction of sand 
and gravel for a variety of purposes removes the protective sediment from those 
drowned features that are used as predictors of prehistoric-resource location, and from 
buried sites themselves. This action not only exposes previously protected sites to the 
forces of current and storm (an indirect effect) but may directly damage or remove the 
sites themselves. In addition, many lost vessels are buried in bottom sediments and thus 
may be damaged by the extraction process. 


The primary sources of threat to prehistoric and historic resources are physical 
damage or loss of integrity through mechanical processes and modification of the 
existing preservation regime through a change in the chemistry of the n.atrix within 
which the resource exists. Effects of mechanical processes may be limited or even 
disregarded if the protecting sediment is not disturbed. On the South Florida 
continental shelf, however, the thickness of the sediment is highly variable and can be 
locally very thin or nonexistent. Thus, planned activities must be closely evaluated 
within their local zones on a case-by-case basis. 
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There are many activities that accompany the exploration, development, and 
production of oil and gas resources on the shelf. Table 10.14 lists potential effects of 
these activities on archeological resources. This information is adapted from the 
management volume of the baseline study of the northeastern U.S. continental shelf 
(Roberts 1979). Activities such as rig, platform, and pipeline fabrication, and refinery 
constructior and operation are omitted, because these would not be conducted in the 
Study area (see Chapter 12). Construction and operation of an onshore service base in 
the study area is considered unlikely, but is included for completeness. (Sce Chapter 12 
for more information on the scope of offshore oil and gas operations and an overview 
of environmental consequences). 


The table illustrates the fact that oil and gas operations can affect cultural resources 
in a variety of ways, not the least of which is the positive effect of discovery when it 
occurs in the course of implementing standard MMS procedures during the several 
phases of oil and gas operations (MMS 1986). These procedures are fully described in 
the MMS Handbook for Archaeological Resource Protection (620.1-H) as well as the 
pertinent Notices to Lessees (NTLs) and Letters to Lessees (LTLs) for the Atlantic and 
Gulf of Mexico OCS Regions. 


The Florida Department of State, Division of Historical Resources (1989) presented 
a position statement entitled Historic Preservation Issues Response to Proposed Oil and 
Gas Drilling off Florida's Coast at a Presidential Outer Continental Shelf Leasing and 
Development Task Force workshop in June 1989. This statement identified two levels 
of concern: (1) direct and indirect effects of exploration activities; and (2) direct and 
indirect effects of production activities. 


The discussion of these concerns identifies many of the hazards to historic and 
archeological resources noted above in the assessment of oil and gas development 
effects. Direct effects may be either mechanical or chemical and include the 
petrochemically-induced modification of radiocarbon datability, as well as the 
modification of a preserving anaerobic environment and thus the destruction of a regime 
within which extremely significant materials can be expected to exist intact. Potential 
indirect effects of both exploration and production could include damage done to the 
inshore environment by oil spills and other chemical releases, which may in turn affect 
site-protecting flora common along the mainland shoreline of the study area. The 
Division of Historical Resources offers its cooperation to Federal managers and others 
charged with evaluating the effects of specific actions on currently known resources and 
those areas were unknown resources can be expected to exist (Florida Department of 
State, Division of Historical Resources 1989). 


The Division cautions that significant historic and archeological resources will be 
adversely affected by oil and gas activities if the appropriate studies are not undertaken 
and if, as a consequence of such studies, project activities are not modified to avoid or 
mitigate adverse effects upon these resources. In addition, if measures are not taken to 
prevent Gr promptly contain oil spills, there may also be adverse effects to significant 
resources. 
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Table 10.14. Potential effects of oil and gas operations on archeological resources 
(Adapted from: Roberts 1$79). 


Operational Phase Activity/Technology Used Pollutantv/Agent Archeological Effects 
1. : A. ‘me . , A Positive: resut 
scout in ote location” 
2 A. tabncation a A A WNAiI 
Exploration ~ ne 2 N/A in study area . in study area 
Anchoring and (1) Disturbed surface (1) Disturb surface 
(2) Oisturbed subbottom (2) Disturb buried 
C. Drilling Cc ; _~ C. Site burial, site 
Grilling fluids destruction through 
8) emporary nig servicing Concmucton of facility D. Watertront land use 
ui Logistic bases = site destruction 
Service craft 
3. Development Platform fabrication study A WNAiI 
e Platiorm installation 3 ome 20 28. ab 8 ty, ™ 
Cc C. {Same se 2 Cc } as 2C. above 
8) Compfeton_inataaton 5 i and petroleum D | effects to C-14 
of i tree," riser, compounds dating, histone 
and flow lines, and (asphaiting) and 
connection of wellhead to 
flow lines of surface soils 
E. Pilatiorm ici E. (Same as 2.D. above) F. (Same as 2D. above) 
(1) Permanent logistic 
(2 Service craft 
4. Production A ag the A. Refinery location A. W/A in study area 
Goshaspes Chemical effects to C-14 
of produced 
(at sea) = of surface 
B. Workover 8B sme Sh. and B as 2.C. and 
.D. above) .D. 
C. improved recovery C. Chemical residues Cc modification 
Fracturing of sites 
High pressure 
w EM flooding 
i Thermal techniques 
5. T A. Fabrication of trans A WNAin A WNAin area 
ransportation study area study 
B. Storage facility B. Storage facility B. At sea: surface site 
emplecement at sea or location citurbance, onshore 
Cc Transter to tenkere/ C. Chronic oll discharge C Same 3.0. above) 
barges trom tank cleaning and ” 
D. Construction and D. Pumping tecifly locationD N/A in study area 
emplecemen of 
Routine tankerfoarge E. (Same es 5.C. above) E. (Same as 5.C. above) 
F Pisotne fabrication F. Pipeline fabrication F. W/A in study area 
and emplacement 
Pipeline placement Surtace site disturbance 
G. Pipeline operations G. Of leakage, spills G. (Same as 3.0. above) 
6. Refining A. Construction or A Refinery location A. N/A in study area 
B B. Refinery emissions 5. NAin 
and waste disposal ee 
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The MMS has established program policies regarding cultural resources (MMS 
1986). The policies as stated are as follows: 


® Consider the impacts on archeological resources in all aspects of planning, 
leasing, permitting, and regulatory decisions. 


@ Ensure that archeological resources are not damaged or destroyed by operations 
on the OCS. 


® Achieve and maintain a consistent application of archeological resource 
Stipulations, regulations, and other related requirements. 


Procedures for implementing these policies are contained in the MMS Handbook for 
Archaeological Resource Protection (620.1-H). This handbook also establishes the 
requirement for consultation with the State Historic Preservation Officer at all stages of 
the development process. This handbook and the commitment of the MMS to cultural 
resource protection seem to answer the concerns of the State about direct effects of oil 
and gas operations. However, there are no procedures for the consideration of cultural 
resources that may be affected by oil spills and subsequent cleanup Operations. In 
addition, it will be important for the State and the MMS to collaborate on the 
establishment of more detailed procedures for physical testing of zones of expected 
resources (especially the use of coring, diver inspection, and test dredging), site 
evaluation, and data recovery well in advance of operations. 


CONCLUSIONS 


This summary and analysis of cultural resource information for the South Florida 
continental shelf has led to the identification of a number of findings about historic and 
prehistoric resources in the study area. [t has also revealed gaps in the available 
information that limits the analysis of this information at this time. A review of these 
gaps allows us to identify several studies that will help to fill the gaps. In addition, 
existing oil and gas procedures such as shallow hazard analysis, have been reviewed and 
analyzed for the purpose of identifying opportunities to fill data gaps when they are 
conducted. 


Prehistoric Cultural Resources 


Intact, significant, prehistoric archeological resources exist in the study area. It is 
unlikely that these resources will be found in waters deeper than 50 m. 


There are two discrete zones of drowned prehistoric cultural resource potential on 
the South Fiorida continental shelf: the Southwest Florida zone, and the Florida Keys 
zone. The model cf prehistoric settlement location presented in this chapter is based 
on assessment of specific environmental factors, notably Holocene transgression, water 
table, and types and distribution of productive ecosystems, as they change through time. 
The model predicts that prehistoric archeological sites on the inner continental shelf are 
associated with specific topographic indicators that in most instances are readily 
detectable. These topographic indicators are (1) the 50-m bathymetric contour, 

(2) karstic features, (3) drowned stream channels, (4) drowned coastal features, and 

(5) outcrops of knappable lithic raw materials. These topographic indicators are 
differentially distributed through the study area, and the two subregions defined in this 
chapter (Southwest Florida and the Florida Keys) reflect these differences, as well as 
disparate effects of Holocene transgression and subsequent sedimentation on site 
preservation and detection. This analysis concludes that the frequency, preservation, and 
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potential for detection of prehistoric sites is higher on the inner shelf off the Southwest 
Florida coast than off the Florida Kevs. 


Other significant findings from this analysis are the following: 


@ Prehistoric archeological resources representing periods with few terrestrial 
parallels will exist in the study areca. 


@ The preservation of otherwise perishable materials will oficn be much greater in 
submerged protected environments than terrestrial environments. 


® The discovery and documentation of drowned prehistoric archeological resources 
will advance the accuracy of locational modcls. 


Lost Vessels 


The Straits of Florida and the Florida Keys have long been recognized as 
navigationally hazardous. The hazards are reflected in a diverse population of lost 
vessels representing vatious historical periods. Lost vessels of all persods can be found 
throughout the continental shelf, however, more vessels tend to be found in shallow 
water. Locations of lost vessels can be predicted through the location of submerged 


topography. 


Lost vessels of the prehistoric and protohistoric periods may exist on the continental 
shelf, though none have yet been located. Because the prediction of the location of 
these lost vessels is extremely difficult given our current state of knowledge, operations 
on the shelf must be prepared for chance encounters. 


Lost vessels of the 19th and 20th centuries appear to be greater in number and 
seem to be better preserved than those of other centurics. This notion should be 
evaluated in a systematic way. 


Lost vessels in high-energy cnvironments have research value and are as worthy of 
consideration under cultural resource management guidclines as those in morc 
protective low-encrgy environments. 


Cultural Resource Management 


The MMS has procedures in place for the consideration of cuitural resources at all 
Stages of oil and gas development. These procedures inciude NTLs and LTLs for 
cultural resource surveys, in-house review of all cuitural resource reports, and the 
Handbook for Archaeological Resource Protection (620.1-H). The following measures 
could help to preserve and protect submerged cultural resources in the study area in the 
event that offshore oil and gas operations procecd: 


@ The MMS should work with the State of Florida to develop detailed procedures 
for the exploration for, reporting of, evaluation of, and data recovery from 
archeological sites, including the use of direct bottom examination, core samples, 
and test dredging. 
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® Survey line spacing for historic cultural resources should be cvaluated to censure 
detection of older wooden vesscls and less ferrous concentrations of historic 
period matcrial in the study arca. The MMS Gulf of Mexico OCS Region has 
a new NTL in preparation that would reduce required survey linc spacing from 
150 m tw SO m, based on the findings of the Garrison ct al. (1989) study 
(M. Stright, pers. comm. 1990, MMS). A similar requirement would be 
appropriate for the Straits of Florida Planning Arca. 


@ The State of Plorida’s Comprehensive Histonc Preservation Plan (currently in 
draft) should become an integral component of the management of cultural 
resources on the South Florida shelf. 


@ There are currently no procedures, policies, or joint working agreements in 
place to deal with the effects of oil or chemical spills on cultural resources. 
The State of Florida should identify for the MMS those coastal zoncs which 
have a high probability for containing significant cultural resources. The Static 
of Florida and the MMS should develop joint working agreements, procedures, 
and policies for handling oil and chemical spills which may affect cultural 
resources. 


@ The NPS has developed guidelines for State and Federal agencies for the 
protection of submerecd cultural resources. These guidclines should be 
evaluated by the State of Florida for incorporation into cxisting procedures. 


Information Gaps 


The sea level curve for the Southwest Florida arca needs localized refincment. The 
amplitude, rate, and periodicity of the Holocene marine transgression is understood in 
outline, but many uncertainties remain. The settlement model used in this study is 
predicated on transgression, inferred distribution of paleoecozones, topography, and 
cultural adaptive systems. The specificity and reliability of knowledge for all these 
factors in the study area is generally poor. 


The precise nature of Paleoindian and Archaic adaptive strategies is very poorly 
known, especially for areas now inundated, but also for interior zones. A glaring gap in 
this respect for South Florida is the Early Archaic period, for which virtually nothing is 
known, but similar scarcity of knowledge applics to Paleoindian and Middle Archaic 
populations as well. As more archeological information becomes available from both 


regions, modelling of these adaptive strategies will become more precise. 
Other significant information gaps include the following: 


@ Data for paleoenvironmental reconstruction for the shelf is weak and is 
generally an extrapolation from terrestrial settings. 


® Information on prehistoric and protohistoric maritime trade patterns is weak. 


@ Information on historic period vernacularomestic trade and transportation in 
the Florida Keys and Southwest Florida is weak to noncxisient. 


@ Information regarding day-to-day life in the historic period and its influence on 
maritime activity in the study area is weak. 
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@ A number of the archeological and historic contexts in the State Plan need to 
be reinforced with information regarding maritime activities in the study arca, 


@ The cultural factors influencing wrecks are poorly understood. 
Fut: e Studies 


It is clear that information regarding the nature and distribution of both drowncd 
prehistoric resources and lost vessels on the South Florida continental shelf is 
inconsisient and limited. This imposes limits on the development of predictive modcls 
for habitability and survivability of both prehistoric resources and lost vessels. This 
limitation, in turn, requires that investigators take a conservative altitude to the analysis 
of specific units of the shelf. In other words, the unknowns of the process force 
analysts to look more carefully at every possibdie location that may have resource 
potential. Studies aimed at refining the predictive models would icad not only to a 
marked increase in our understanding of human use of the shelf, but would allow 
analysts in the future to perform project-specific assessments more cost efficiently. 


Necessary studics include those that can be accomplished through library and 
archival research as well as those that require the mounting of ficid cfiorts to obtain 


data for analysis. As more archcological information becomes available from the region, 


biological approaches. While these kinds of studies are inherently worthwhile, they also 


help to refine the locatability of prehistoric sites of the typcs addressed in this chapicr, 
and so will help reduce the future costs of offshore cxplorat.on. 


The most glaring gaps in information from the historic period concern everyday life 
in the study area, especially with regard to transportation, commerce, and other topics 
related to the probable distribution of lost vessels. Library research, oral history, and 
other approaches should be used in studies that fill these gaps. 


From the protohistoric and prehistoric periods, there is a great need for studies 
aimed at improving our understanding of aboriginal trade, resource exploitation, 
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INTRODUCTION 


The purpose of this chapter is to describe the social ard coonomic setting of South 
Florida. This informaiam provides a basis for evaluating the possibic social and 
coonomic consequences of proposed oifshore on and gas leasing and development in the 


study area (see Chapter 16). 


The chapter is organized into sections that address major topics. The first section 
presents ik and coomomic data on various aspects of the ihree-county (Collier, 
Dade and Monroc) study arca. Subsequent sections discuss land usc, watct resources. 
marine transportation and port tactics, and military operations olfshore within the 
Study arca. The discussion then focuses on the indusirics most closely related to tne 
marine resources of the study arca: commercial and recreational fishing, recreatien and 
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tourism, and offshore minerals. Finally, the Federal and State parks, preserves and 
other areas of special concern in the study arca are described and evaluated in tcrms of 
their importance for use and preservation. 


POPULATION, DEMOGRAPHICS, AND EMPLOYMENT 


The study area includes parts of three South Florida countics: Collier, Monroe, and 
Dade (Figure 11.1). Population, demographic, and employment statistics for each 
county, as well as for the three-county arca are presented in Tables 11.1 and 11.2. In 
Table 11.3 the population, demographic, and employment characteristics of the 
three-county area are compared with those of the State of Florida and the U.S. 


Figure 11.2 shows the growth rate of the population of the three-county area 
between 1977 and 1987. Table 11.1 provides information on 1980 and 1987 population, 
as well as projected population levels and rates of growth to 1990 and also to the year 
2000. The most rapid population growth over the years 1980 to 1987 occurred in 
Collicr County. Of the 67 counties in Florida, Collicr County's population grew more 
rapidly than all but five (Florida Department of Commerce [FDC] 1988e). 


Table 11.1. Population and demographics of Collier, Monroe, and Dade Counties 
(From: Bureau of Economic and Business Research 1988; Florida 
Department of Commerce 1988a,b,c,e). 


County 
Characteristic Colher Monroe Dade Total 
Population in 1980 85,971 63,188 1,625,509 1,774,668 
Population in 1987 126,631 74,523 1,802,427 2,003,581 
Percent change 1980-1987 47.3 17.9 10.9 12.9 
Projected population in 1990 144,150 79,563 1,859,932 2,083,645 
Percent change 1967-1990 13.8 6.7 3.2 40 
Projected population in 2000 192,400 88,127 1,989,046 2.269.573 
Percent change 1967-2000 51.9 18.3 10.3 13.3 
Population density/sq km in 1987 165 187 2,390 1,042 
Age breakdown in 1967 
Percemt 0 - 17 21.2 17.8 23.3 23.0 
Percent 16 - 44 33.3 419 39.7 
Percent 45 - 64 23.0 24.1 20.8 21.1 
Percent 65+ 22.5 16.2 15.8 16.2 
—— share by sex in 1967 
female 50.3 475 52.2 51.9 
Racial composition in 1967 
Percem white 344 93.7 779 79.6 
ee voters in 1967 
29.2 60.6 57.9 55.9 
Percent 63.4 31.8 34.7 36.7 
Percem other 7.4 75 7.4 7.4 
Registered voters in 1967 as 
percent of voting age 53.6 58.8 45.2 46.3 
ee tm 
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Figure 11.1. Study area in relation to Collier, Dade, and Monroe Counties. 
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Table 11.2. Employment statistics for Collier, Monroe, and Dade Counties (From: 
Bureau of Economic and Business Research 1988; Florida Department 
of Commerce 1988a,b,c,e). 


County 
Characteristic Collier Monroe Dade Total 
Civilian iabor force in 1980 36,088 28,490 615,618 880.396 
Civilian labor force in 1987 60,742 42,455 913,179 1,016,376 
Percent change 1980-1987 68.3 49.0 11.9 15.4 
Unemployment rate 
(percent) in 1987 5.0 28 58 56 
Labor force mobility 
(percent employed outside 
home county) in 1987 5.2 3.6 3.7 3.8 
Per capita income in 1986 $18,402 $14,021 $14,863 $15,055 
Percent change 1980-1986 50.4 57.2 45.2 45.8 
ae employment in 1986 , . 
ercent agricultural services 47 86 1. 1. 
Percent mining 04 0.1 0.1 0.1 
Percent trade 23.3 23.1 24.0 24.0 
Percent ic utility 3.4 38 76 73 
Percent 3.1 2.1 9.6 8.9 
Percent construction 11.4 6.6 5.2 5.6 
and real estate 15.5 84 10.0 10.3 
Percent services 30.0 28.0 30.9 30.8 
Percent government 82 19.3 11.4 11.5 


Table 11.3. Population, employment, ny Neen = tend dy wt ane fica 
Florida, and the U.S. (From: Bureau of Economic and Business 
Research 1988; Florida Department of Commerce 1938a,b,c; Bureau of 
the Census 1989a). 


Characteristic Three-County Area Florida US. 
Population in 1987 2,003,581 12,023,000 243,400,000 
Projected population in 1990 2,083,645 12.818,000 249,891 000 
Percent change 1987-1990 40 66 2.7 
Population density/sq km in 1987 1,042 575 179 
Age breakdown in 1987 

Percent 0-17 23.0 22.5 26.2 

Percent 65+ 16.2 17.7 12.1 
Civilian labor force in 1987 
(percent of U.S. total) 1.0 48 100 
Civilian labor force 

Percem change 1980-1967 15.4 37.4 13.2 
Unemployment rate in 1987 5.6 5.7 7.0 
Per capita income in 1986 $15,055 $14,646 $14,641 
Percent change 1980-1986 45.8 49.8 47.3 
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Population of the three-county area, 1977 to 1987 (From: Bureau of Economic and Business Research 1988). 
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The projected population growth rates for Collicr County through the years 1990 
and 2000 are more than twice as high as the threc-county arca and about twice as high 
as for the State of Florida as a whole. The expected population growth rate for the 
three-county area is more than 50% greatcr than for the U.S. Dade Couniy, however, 
will grow more slowly than Monroe or Collicr County, and also more slowly than the 
State of Flonda as a whole. 


Population density in Collier and Monroe Counties is much lower than in Dade 
County. Collier and Dade Counties have nearly identical land arcas; Monroe County is 
somewhat smaller. But major portions of Collicr County are included in the Faka- 
hatchee Strand State Preserve and Big Cypress National Preserve, and most of Monroe 
County is made up of the Everglades National Park. Collier County's population is 
heavily conceniraicd along the northwestern coastline. Monroe County's population ts 
concentrated in the Florida Keys, resulting in relatively high local population densitics. 


Much of the previous growth in South Florida, as well as anticipated future growth, 
is attributable to the in-migration of retirees. This is especially true for Collier County. 
The share of the population in the age group 65+ is significantly higher in Collicr 
County than in Monroe and Dade Countics (Table 11.1). Collicr County's 65+ 
population share is also significantly highcr than that of Florida and nearly double that 
of the U.S. (Table 11.3). Dade County has also expericnced large population growth 
duc to in-migration (third highest in the State). These new entrants tend to be younger 
than new enirants to Collier County (FDC 1988c). 


Not surprisingly, Florida leads the Nation in share of population in the oldest age 
group. Figures for the age groups “0 to 17° and "65+" for the State of Florida and the 
U.S. are presented in Table 11.3. As a result of the large population share 65 years of 
age and older, Florida has the smallest population share in the age bracket from 0 to 17 
years for the SO states. Florida also has the highest median age of any state, 36.3 years, 
as compared to the national average of 32.1 years (Burcau of the Census 1989b). 


Breakdowns of population by gender indicate that a significantly larger share of the 
population is femalc in Dade County and a significantly smaller share is female in 
Monroe County (Table 11.1). For the three-county area, the percent of the population 
that is female is similar to that of the State and the Nation (Table 11.3). 


The racial composition of Collier and Monroe Countics is similar, with both 
counties ranking high among Florida countics for percent white population (FDC 
1988e). A much larger share of the population is nonwhite in Dade County 
(Table 11.1). 


The final section of Table 11.1 indicates that the political affiliation of registered 
voters in Monroe and Dade Countics is similar to that of the State and the Nation. 
Collier County voters choose the Democratic and Republican partics in percentages 
almost the reverse of Dade and Monroe Countics as well as the State and Nation. The 
category “registered voters as a share of voting age population” provides some evidence 
as to the level of political involvement of the local populations. 


Table 11.2 presents information on the employment charactcristics of the affected 
r gion. Both Collier and Monroe Counties have experienced dramatic increases in the 
size of their labor forces over the 1980 to 1987 period. While both counties also 
experienced rapid population growth over this same period, the Monroe County labor 
force grew at a rate more than double its population growth rate. The Collier County 
labor force grew about 50% faster than its population, while the Dade County labor 


424 


Socioeconomics 


force grew at about the same rate as its population. While the Collicr and Monroc 
County labor forces grew more rapidly than the State labor force, the slow growth of 
the Dade County labor force t rought the three-county area rate of growth to a level far 
below that of the State but still slightly higher than that of the Nation (Table 11.3). 


Unemployment data (Tables 11.2 and 11.3) indicate that Monroe County, with a 
1987 unemployment rate of just 2.8%, has a very strong local cconomy. Uncmployment 
rates in Collier ang Dade Countics are much higher than in Monroe County. However, 
relative to the State of Florida and the U.S., unemployment in the three-county arca 1s 
low. 


Per capita incomes (1986) in Dade and Monroe Counties and in Florida are similar 
to the national average. Per capita income in Collicr County is significantly higher. All 
three counties rank in the upper 25% of Florida counties on the basis of per capita 
income (FDC 1988c). The growth of per capita income for cach county and the 
three-county area over the period 1980 to 1986 is similar to that of the State and the 
Nation. 


Table 11.2 also presents data on the relative importance of various sectors of the 
local economies in the provision of jobs. Trade and services are the two strongest 
sectors accounting for more than 50% of all employment in cach county. 


The data presented here cover non-farm employment only. Information on 
employment in the fishing and shelifishing industries is grouped along with forestry and 
agricultural services under the ‘agricultural services" heading. Employment associated 
with the tourist industry is dispersed among the other categories and must be presented 
separately, as is done below. 


Employment information for Florida counties is generally obtained from data 
reported by businesses whose employees are covered by unemployment compensation 
laws. Unfortunately, a large portion of the total fishing and shellfishing activity is 
undertaken by individuals and firms not subject to these reporting regulations. On the 
basis of survey data, Rockland (1988) estimated that the commercial fishing industry 
creates 1,190 jobs in Monroe County. Based on this approach, it may be estimated that 
1,476 jobs are created throughout the three-county area by the commercial fishing 
industry (Table 11.4). The three-county estimate is based on the ratio of total cx-vessel 
fishery value yielded by the three counties together in comparison to Monroe County 
alone (the ratio is 1.37). 


Estimates of employment in tourism-related industries, such as hotels and motels, 
eating and drinking establishments, and amusement and recreation services, are pre- 
sented in Table 11.5. 


Employment in tourism-related industries for Monroe County exceeds 20% of the 
local labor force, nearly double the State average. Collier County also has a larger 
employment share engaged in tourism-related industries than the State average but the 
Dade County share is significantly lower. Because of the size of the Dade County work 
force and that county's particular labor market characteristics, the share of ihe 
three-county area’s total employment that is created by tourism-related businesses is 
actually below the State average. 
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Table 11.4. Commercial fisheries income ar.d employment estimates (Adapted from: 


Rockland 1988). 
income 
(thousands of Employment 
1987 dollars) (person-years) 
Monroe County Fisheries 
impect on Employment and 
income in Monroe County $14 628 1,190.5 
Total impect on Employment 
and income in Flonda $51 682 43325 
Three-County Area Fisheries’ 
impect on Employment and 
income in Three-County Ares $16 386 14762 
Total impect on Employment 
and income in Flonde $64 085 6.1163 


* The three-county estimates were derved by multiplying the Monroe County estimate by 137 which is 
the ratio of fishery landings in the three-county ares to fishery landings in Monroe County sione 


Table 11.5. Tourism-related employment in 1987 (From: Bureau of Economic and 
Business Research 1968). 


—— 
Tounsm Retated Percent of 
Pree Employment Labor Force 
Colher County 9.208 1$2 
Dede County 75.195 82 
Monroe County 6,711 205 
Three-County Aree 93,112 92 
Flonde 564 291 13 
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Percert of 
Land Use Total Land Aree 
Oeveloped Lands 3.75 
Urbden Aeedental 2% 
Commercial and Services 0.11 
industnel 0.12 
insttubone 006 
Trensponabon 020 
Open and Others 033 
Under Devetopment 027 
Undeveloped-Environmemtaity Toleramt Lands 24.55 
Undeveloped Urben 0.11 
AgncuRural 1108 
Rangeiend 081 
F orested 1255 
Undevetoped-Envu onmentally Sensitive Lands 71.40 
(wetende) 
Other Lands 030 
Beeches 00s 
Extrectve Resource Lands 0.18 
Barren lands 007 
Table 11.7. Land use in Monroe County in 1985 (From: Monroe County Board of 
County Commissioners 1986). 
Percert of 
Land Use Total Land Aree 
Evergiedes Netiona! Part e274 
(pubbc and private) 
Big Cypress Nationa! Preserve 11.08 
(pubic and private) 
Offehore isiends 084 
(public and private) 
Acreage Subject to Development 5.33 
Reedenne 080 
Bult Government/Utilities 021 
Bult Commercial 0.19 
Vecant 413 
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Table 11.8. Land use in Dade County in 1988 (From: Metro Dade County Planning 


Department 1988c). 
Perce of 
Land Use Total Land Ares 

Residential $24 
Commercial 0.57 
Hotels, Motels, and Other Transient Residential 00s 
industriel 0.92 
Extrecton. Excevebon. and Quarrying 04) 
industnal, Non nomous 049 
industnal Nomous oc 
14.48 
Elementary and Secondary Schools. etc 1412 
Uneversmes etc O11 
Cultural F ecibes 001 
Hosptais and Nursing Homes 005 
oo 
Pubhe Admunistraton oos 
Parks end Recreational Open Spece 40.22 
Local Parks and 06 

Private Recreabonal Facies associated 
with Aesidental Devetopments oo 
Bea hes 0a3 
Goll Courses. Pubbc/Private on 
Metropoitan Parts 042 
Evergiedes Nabone! Pa. 24 65 
Water Conservaton Areas 1236 
Nature Preserves and Protected Areas 221 
Other 005 
Transportation, Communication and Utilities 421 
Miltary Bases and Terminais oss 
Rairoede 015 
Utlites and Commun:catons 071 
Streets and Roeds 235 
Expressweys and Freeways om 
Oumps, Landtilis, and Waste Plants 005 
Other 003 
— 133 
133 
Crope 292 
Grazing. Arumai Farrmng. and Feed | ots 057 
Plant Nursenes om 
Other 003 
5 ale 05! 
Undeveloped 17.42 
Undeveloped. Privately Owned 635 
Undeveloped Government Owned 015 
Envwonmentalily Sensarve Prvate 873 
Envwonmentaily Sensarve Government Owned 03» 
inkand weter 1.11 
Coeestel weter 9.90 

Se 
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constitute over 90% of the county's land arca. About 80% of the remainder is un- 
developed as a result of strict land use restrictions. Only 1.2% of the acreage in 
Monroe County is currently developed. Land use in Dade County is dominated by 
parks, recreational areas, and institutional uses. Together these classifications make up 
about 55% of the area of the county. An additional 29% of Dade County is composed 
of coastal and inland waters and undeveloped land. 


WATER RESOURCES 


Issues of water supply and allocation have been critical in the South Florida area 
for many years. The Florida Keys have no potable water. Collier County lacks the 
infrastructure (well fields and water supply lines) necessary to deliver water to a rapidly 
growing population. In Dade County, the destruction of wetlands has disrupted the 
aquifer recharge process and caused saltwater intrusion into the underground water 


supply. 


The water for the South Florida area comes chiefly from underground sources or 
aquifers. An aquifer is a thick layer of porous rock through which water passes and is 
stored. Water for the South Florida area is drawn mainly from the Lower Tamiami and 
Biscayne Aquifers. These aquifers are recharged by local rainfall, by streams voming 
from the north, and by hillside runoff. Adequate rainfall is essential for maintenance of 
water supplies. For this reason, water supply problems in the South Florida region tend 
to be seasonal. Water is typically abundant during the summer months when rainfall is 
plentiful, and more scarce during the winter months when rainfall is less. The winter 
months are a peak water consumption period due to the influx of tourists. 


The problem of saltwater intrusion into aquifers is one of great concern to the 
South Florida area. When water is withdrawn from an aquifer at a rate faster than the 
aquifers can be recharged, a void is created. In coastal areas, this void is often filled by 
seawater which seeps into the aquifer. When this happens, the water is degraded and 
may be rendered unsuitable for drinking. 


Collier County 


Water is provided by a number of public and private sector water systems in Collier 
County. The public sector systems include the City of Naples, Everglades City, and 
Collier County. There are three independent water supply districts and eight private 
companies that provide water under certification from the Florida Public Service 
Commission (Collier County Utilities Division 1989): 


Imokalee Water and Sewer District 

Pelican Bay Improvement District 

Port of Islands Comr nity Improvements District 
Water and Sewer Company 

Florida Cities Water Company 

Marco Islands Utilities Inc. 

Marco Shores Utilities Inc. 

North Naples Utilities, Inc. 

Orange Tree Utility Company 

Vineyards Utility, Inc. 

Wyndemere Services, Inc. 


Collier County water management officials say that the ability to construct the 
necessary infrastructure (well fields and water supply lines) to provide potable water to 
newly developed areas is an important constraint on the development of the county. 
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Growth is so rapid in Collier County that the ability to keep up with water demand is a 
continuing problem. The constraint arises not from the lack of available water 
resources, but from the lack of primary pumping, treatment and distribution facilities 
(R. Wiley, pers. comm. 1989, Collier County Water Management Department). 


New supplies of water used in Collier County are drawn from well fields in the 
eastern portion of the county. The source of this water is the Lower Tamiami Aquifer, 
which is dependent on recharge that takes place mainly in Lee and Hendry Counties. 
There is a plentiful source of water in the deeper Floridan Aquifer, but this water is 
highly mineralized and not suitable for drinking or other household uses. 


Water use restrictions have been imposed in recent years in the coastal communities 
of Collier County (Marco Island and Naples). These restrictions were lifted only after 
heavy summer rainfall replenished the aquifer and reduced the threat of saltwater 
intrusion. 


To provide any significant new water supply to outer continental shelf (OCS) oil 
and gas operations, Collier County would be required to construct new water supply 
facilities and well fields. Although there is a constraint on available potable water, a 
large supply of non-potable water could be provided. 


Dade County 


Jurisdiction for water facilities in Dade County falls under the Miami-Dade Water 
and Sewer Authority Department. The source of the Dade County water supply is the 
Biscayne Aquifer, which is mainly recharged by local rainfall (Metro Dade County 
Planning Department [MDCPD] 1988b). As with the rest of South Florida, the most 
difficult water supply problem facing Dade County is not the overall quantity of water 
available but the seasonal variation in rainfall that provides the water supply. 


Recharge and storage are managed by the South Florida Water Management 
District. Saltwater intrusion is a major problem in Dade County. Stream flow and high 
water tables prevent seawater from moving inland during rainy periods, but in times of 
drought, intrusion is a constant problem. 


When a water plant reaches 90% of its capacity, the Dade County Department of 
Environmental Resources Management designates it for close monitoring of available 
capacity. As of the autumn of 1987, three plants were so designated. Dade County 
facilities have approximately 31 million gallons per day (MGD) of remaining supply 
capacity out of a total rated capacity of 383.33 MGD. On an average day, Dade County 
uses 296.3 million gallons. The maximum daily demand is 353.61 million gallons 
(MDCPD 1988a). 


Water demand is projected to grow to 447.8 MGD in 2010 on an average day and 
to 537.3 MGD on peak days. Plant capacity is expected to become increasingly tight 
around the turn of the century. Total plant capacity is expected to grow to only 525 
MGD by 2010 (MDCPD 1988a). 


The capacity constraints facing Dade County make it unlikely that water could be 
made available for OCS oil and gas development without major new investments in 
water facilities. More importantly, all of South Florida is currently experiencing a major 
drought that has required water use restrictions in several counties, including those in 
the study area. The drought has further limited the flow of rivers and streams feeding 
Everglades National Park, seriously threatening the ecology of the park. 
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Although the Florida Keys are surrounded by water, their only local source of 
potable water is the capture of rainwater in tanks, or the desalinization of seawater. 
Capture of rainwater will not provide sufficient supplies at current use levels, and 
desalinization is prohibitively expensive. As a result, the Keys are supplied with water 
through a pipeline from the mainiand. The Fiorida Keys Comprehensive Plan projects 
that this pipeline will be adequate to serve existing and projected needs through the 
year 2005 if additional capital expenditures are made (Monroe County Board of County 
Commissioners [MCBCC] 1986). 


The Florida Keys Aqueduct Authority (FKAA) is charged with the task of devel- 
oping and maintaining potable water facilities in Monroe County. The FKAA was 
created by the Florida Legislature in 1937 as the Florida Keys Aqueduct Commission 
(FKAC). In 1949 the FKAC, in cooperation with the U.S. Navy, constructed a 46-cm 
diameter pipeline from the mainland along the entire length of the Keys. In 1981, 
substantial improvements were made in the system, again with the cooperation of the 
Navy. The pipeline diameter is now 91 cm from Florida City to Key Largo, 76 cm from 
Key Largo to Marathon, and 61 cm to Stock Island. Some stretches of the original 
46-cm pipeline are also still in use (MCBCC 1986). 


The primary source of water for the Keys is the Florida City well field in Dade 
County. This water is drawn from the Biscayne Aquifer, treated at the Florida City 
water treatment plant, and sent to the Keys via the pipeline. The FKAA also has 
storage facilities along the pipeline with a total storage capacity of 30 million gallons 
(MCBCC 1986). 


In addition to the water pipeline, the FKAA also maintains a reverse osmosis 
desalinization plant in standby condition on Stock Island. This plant is maintained to 
provide for system emergencies, shutdowns, or peak consumption periods. The plant 
has a capacity of 2.7 MGD and can be brought on-line in four hours (MCBCC 1986). 


The FKAA has about 675 km (364 nmi) of distribution pipelines. It is anticipated 
that a large fraction of this system will be in need of replacement in the near future. 
A program to upgrade the system began in 1982, financed by a surcharge based on a 
10-year schedule (MCBCC 1986). 


The upgrade program is also designed to provide adequate water flow for fire 
protection. Until recently, pressure in the water distribution system has been inadequate 
for this purpose due to insufficient storage and pumping facilities (MCBCC 1986). 


Because water supplies to Monroe County are obtained from outside sources in 
Dade County, and because of the serious constraints already facing the water distribu- 
tion system in Dade County, it can be concluded that no major new OCS operation 
could expect to be supplied from a location in the Florida Keys. 


MARINE TRANSPORTATION AND PORTS 


The three-county area is served by four major ports (South Florida Regional 
Planning Council [SFRPC] 1984a,b): 


@ The Port of Palm Beach, which is defined as Lake Worth extending from 
the Riviera Bridge to the Southern Boulevard Bridge. 
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@ Port Everglades, which includes the section of the Intracoastal Waterway 
from the Las Olas Boulevard Bridge to Washington Street, the Dania 
Cut-off Canal, and the New River. 


@ Miami Harbor, which includes all of the Miami River extending along 
Biscayne Bay to include Baker’s Haulover Cut and Fisherman's Channel, as 
well as the Government Cut area. 


@ Key West Harbor, which covers all port facilities in the Florida Keys area. 


There are no ports in Collier County. Although Port Everglades and the Port of 
Palm Beach are located outside of the three-county area, both of these ports are 
important to the study area. Most of the petroleum products used in the South Florida 
area enter through Port Everglades and the Port of Palm Beach. 


Table 11.9 shows the shipping weight and value of imports and exports through 
South Florida ports in 1986. 


The Port of Miami is the leading location for passenger ship arrivals and departures 
in Florida, whereas Port Everglades dominates the liquid petroleum market (SFRPC 
1977). Very little commercial shipping passes through Key West. 


Several factors influence the economic significance of a port. Water depth is 
probably the most important. Deep ports can accommodate larger, heavier vessels. The 
Port of Miami currently has a depth of 11.6 m; Port Everglades, 11.4 m; the Fort of 
Palm Beach, 10.1 m; and the Port of Key West, 8.6 m (pers. comm. with port admin- 
istrators, March 1990). 


Table 11.9. Shipments through South Florida ports in 1986 (From: Bureau of 
Economic and Business Research 1988). 


Exports 
Port Weight* Value+ 
Port Everglades 658 444 
Key Weet 1 1 
Miami 2,081 3,019 
Paim Beach 1,734 1,136 
Total 4,474 4,600 


* Weight in millions of pounds. 
+ Value in millions of 1986 dollars. 
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The distance of a port from shipping lanes is also important. Port Everglades and 
the Port of Palm Beach are within 3 km (1.6 nmi) of the Atlantic shipping lanes. The 
Port of Miami and the Port of Key West are both roughly 8 km (4.3 nmi) from the 
major shipping lanes (SFRPC 1977). 


The distribution area served by a port is a major factor influencing the volume of 
cargo handled. Miami and Port Everglades have the most port-related economic activity 
and the largest distribution areas. 


The economic impact of a port is measured as the income generated by port and 
port-related activities. The economic impact of a port stems from the handling, 
transferring and processing of cargo. Ports that handle cargos that receive less handling 
have smaller economic impacts. The Port of Miami, which has a relatively large 
passenger traffic, has a larger economic impact than Port Everglades, which handles a 
relatively large quantity of refined petroleum products. In 1975, the total direct and 
indirect economic impact of ports in the South Florida area were (in 1987 dollars) $487 
million for the Port of Miami, $257 million for Port Everglades, and $67 million for the 
Port of Palm Beach (SFRPC 1977). 


The Port of Miami has 3,660 m of berthing and can handle up to 26 vessels at one 
time. It is located on Dodge Island in Biscayne Bay. Responsibility for the manage- 
ment of the port rests with the Seaport Department of Metropolitan Dade County 
(Howard Publications, Inc. 1977). Dodge Island is classified as a “conservation area." A 
seagrass bed “preservation area” is located immediately south of Dodge Island. Dredge 
and fill activities related to port operations threaten the Biscayne Bay Aquatic Preserve. 
These activities increase the amount of siltation which threatens marine vegetation. 
Because of the environmental sensitivity of the port area, the Dade County Seaport 
Department has agreed with the City of Miami to limit the operations of the port to 
high-value cargo and passenger services (SFRPC 1977). This means that bulk cargos 
such as petroleum are not handled. 


Port Everglades is the largest seaport in the South Florida area. Located at the city 
limits of Fort Lauderdale and Hollywood, Port Everglades occupies 744.6 ha. It has 27 
berths for ocean going vessels (Howard Publications, Inc. 1977). The depth of Port 
Everglades, together with its large turning basin makes it ideal harbor for large vessels, 
particularly oil tankers. Nineteen major oil and gas companies use Port Everglades as 
their supply point for South Florida. In 1979, over 6.5 million tons of refined pet- 
roleum products entered through Port Everglades. This represents almost half of the 
total tonnage for the port. This also represents 88% of the petroleum tonnage entcring 
through South Florida ports (SFRPC 1984b). 


The Port of Palm Beach is located on a 24.3-ha parcel of land adjacent to Lake 
Worth. The port has 17 berths totalling 1,200 m of dock space. 


Most of the cargos entering the Port of Palm Beach are general in nature. 
Petroleum products accounted for about 30% of all tonnage in 1979, making them the 
single most important cargo. Passenger traffic through the Port of Palm Beach has been 
declining since 1971 (SFRPC 1984b). 


Since 1977, the Port of Key West has grown from a simple facility that was used 
only for emergencies and fuel stops to a modern port. By 1979 the port was handling a 
quarter million tons of cargo and 23 thousand passengers (SFRPC 1984b). This, in 
combination with the recommissioning of the Key West Harbor Naval Base, has made 
Key West an important port area in the eastern Gulf of Mexico. The location of Key 
West Harbor would ordinarily make it an ideal location for basing OCS oil and gas 
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activity. Water supply constraints and the traditional use of Key West Harbor as a 
location for recreational and military uscs make it unlikely that this will occur. 


Exploratory drilling activity on the Southwest Florida continental shelf north of the 
Study area has been supported in recent years from Port Manatee at the southern shore 
of Tampa Bay (Minerals Management Service [MMS] 1989b, p. 112). However, oil 
industry spokesmen indicate that a permanent supply base for leases in the South 
Florida OCS area would most likely be located outside of Florida, because of the 
specialized facilities and labor force already in place in the northern Gulf of Mexico. 


Vessel Traffic 


The large volume of petroleum products moving through the Straits of Florida 
makes an analysis of marine traffic and potential hazards important. Hazard areas are 
defined as crossing or merging areas within a 15- to 30-day drift range of the South 
Florida region. Drift range is important because crude oil and refined products spilled 
in water have been shown to weather and break down within 30 days (SFRPC 1984b). 
Four hazard areas have been identified within the Straits of Florida and South Atlantic 
area. 


The first hazard area is 21 km (11.3 nmi) south-southeast of West Palm Beach. 
The crossing of north-south traffic by westbound traffic and the heavy traffic entering 
and leaving the Port of Palm Beach led the Coast Guard to identify this area as 
hazardous in 1976 and 1980 studies (SFRPC 1984b). 


The second hazard area is located 19.3 km (10.4 nmi) southeast of Fort Lauderdale. 
In this area, the petroleum and other cargo originating in and destined for Port 
Everglades intersects with northbound and southbound traffic. The large quantities of 
petroleum products moving through Port Everglades make this area particularly 
hazardous (SFRPC 1984b). 


The third hazard area, 21 km (11.3 nmi) southeast of Miami, is the area where 
Miami Harbor traffic merges into the shipping lanes. In addition there is a large 
amount of recreational boat traffic in this area (SFRPC 1984b). 


The final hazard area is approximately 22.5 km (12 nmi) south of the Dry Tortugas. 
This area is hazardous because of the convergence of vessels traveling through the 
Straits of Florida. An oil spill in this area would likely be carried through the Straits 
by the Florida Current and deposited on the South Florida coastline (SFRPC 1984b; see 
also Chapter 12 for discussion of oil spill trajectories). 


Marinas 


Marinas accommodate the demand for recreational boating facilities and services. 
They are defined as docks or basins that provide secure moorings for motorboats and 
yachts and often offer supply, repair, storage, and launching facilities (SFRPC 1984a). 
In addition, most marina ties sell gasoline and fishing gear. 


The South Florida region has a large number of marina facilities. In Collier County 
alone, 106 marinas were counted in 1984 (SFRPC 1984a). In 1986, the South Florida 
Planning Region, which includes Broward, Dade, and Monroe Counties, had 510 
saltwater marinas (Florida Department of Natural Resources [FDNR] 1987b; Pompe 
1990). Many of these marinas were built as condominium mooring facilities, however, 
and are not open to public use. 
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11.10 compares pleasure boat registrations to the number of wet and dry 
storage areas in 1980 to 1981. Environmental constraints make it unlikely that the 
number of marina facilities can be expanded to meet a burgeoning demand for recrea- 


1980, the marina and boatyard industry in Florida had estimated sales in excess 
of $150 million (1987 dollars) and provided direct employment of 3,100 persons plus 
$97.9 million in value added. Because of the labor intensiveness of the industry, 
indirect economic impacts are quite large. The total (direct and indirect) economic 

boatyard industry in Florida was estimated to 


conflicts between military and oil and gas aircraft; the release of electromagnetic signals 
by oil and gas operations; and the presence of spent ordnance on the seafloor in some 
OCS areas. 


Table 11.10. Comparison of boat registrations to the availability of wet slips and dry 
storage in public and private marinas, 1980 to 1981 (From: Milon et al. 


19836). 

Area Pleasure Boats Dry Storage Wet Slips 
Collier County 9,200 574 792 
Dade County 38,223 1,668 2,480 
Monroe County 9,176 1,979 1,746 
Three-County Area 56.599 4221 5,018 
State of Florida 480 864 20.999 24,141 


436 


Soci , 


Space-use conflicts in these areas will arise with increased military training and 
testing Operations and with increases in oil and gas exploration and development 


tions in the study area. The effectiveness of these stipulations is reflected in the 
absence of even a single accident involving military and oil and gas activities in these 
areas through 1986 (MMS 1987). 

he 


aircraft activities associated with the 
coy at by gw ty gee Apt pty 
gas activities. Airspace conflicts will be most acute for oil and gas activities based in 
the Lower Keys or for offshore activities near this location. 


COMMERCIAL AND RECREATIONAL FISHING 


Commercial and recreational fishing are major South Florida industries, with each 
making a substantial contribution to the local and State economies. Commercial 
exploitation of the Gulf waters off South Florida dates to the 1700s, when Spanish fleets 
used this productive region to supply fish to Spanish colonies in Cuba and the West 
Indies (Cato 1985). Development of a recreational fishing industry had to await the 


K ining 
reputation as an Outstanding sport fishing region (MCBCC 1986). Since that time, the 
recreational fishing industry in the study area has continued to grow in size and 

importance to the local economy. (See Chapter 7 for information on fisheries biology). 


Commercial Fishing 


Data for 1987 commercial fishing industry landings in the three-county area are 
presented in Table 11.11. Unlike fishing industries in many other states with pn 
commercial fisheries, the fishing industry in Florida relies upon a wide variety of species 
for its total harvest. The pink shrimp harvest is Florida's most important contributor to 
both landings and value, but represents just 20% of total landings (National Marine 
Fisheries Service [NMFS] 1987). Other large seafood producing states, such as 
Louisiana, Texas, usetts, and Alaska rely more heavily on one major species for 
total production than does Florida. 


Of the species harvested in the study area and listed in Table 11.11, shrimp 
Sen ie ee nen eee 
ex-vessel value. The study area su approximately 20% 
and 93% of State spiny lobster uction (NMFS 1988). Prod 
in the study area represents over 77% of total U.S. 
1987). Shellfish, because of their value to t ratio, are the economically most 
important component of the South fisheries. Grou 
mullet are the most important finfish species in the South 
finfish contribute over 40% of total landings by weight but account for just 20% of total 
ex-vessel value (Table 11.11). 


i 


that port the 18th most important fishing port 
Collier County su about one-fifth of tota 


County provides <9%. Statistics for the three counties are provided in Table 11.12. 
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Table 11.11. Commercial fishery landings and ex-vessel value for the three-county 
area in 1987 (From: National Marine Fisheries Service 1988). 
Landings Value 
(thousands (thousands of 
Fishery of pounds) 1987 dollars) 
Finfish Variety 
Grouper, Red 1,930 2,583 
Snapper, Yellowtail —_— 
Snapper, Mutton 292 741 
Wacker sa es 
1,931 656 
Mackerel, 569 620 
Mullet, Black 1,612 613 
, Black 303 536 
291 320 
Shark 382 198 
Ambereck 419 160 
Misc. Food Fish 363 120 
Others 2,051 1,228 
Total Finfish 12,701 11,970 
Shellfish Variety 
Lobeter, Spiny 5,876 13,926 
Crabe, Stone. ve 1,714 9,068 
Crabe, Stone, 679 2,988 
Crabe, Stone, Ungraded 495 2.565 
Crabs, Stone, Smaii 256 1,154 
Shrimp, Pink 6,60 15,520 
Shrimp, Rock 7s 25 
Shrimp, Brown 10 19 
Shrimp, Bat a << 
Other Sheilfish 220 231 
Total Shellfish 16,340 50,464 
TOTAL FISHERIES 29,041 62,434 
Table 11.12. Distribution of total catch and value by county in 1987 (From: National 
Marine Fisheries Service 1988). 
Total Catch Value 
(thousands (thousands of 
County of pounds) 1967 dollars) 
Collier 5,680 11,419 
Dade 1,543 5,428 
Monroe 21,618 45,587 
Total 29,041 63,434 


438 


Se ee eee ots eek ee Figure 11.3 provides informa- 
tion on seafood landings for the three counties over the last 11 years. The highest 
landed weight for this period was achieved in 1981 (39.0 million pounds) and the lowest 
landed weight two years later (25.2 million pounds). The average annual landings over 
this period was just under 31 million pounds, with little evidence of a trend either 
upward or downward. Growth of the commercial fisheries is constrained by the size of 
fish stocks. Increased fishing effort might increase total landings over a short time 
period, but because fish stocks are assumed to be exploited at or beyond their optimal 
levels at present, no sustained increase in landings can occur. 


Concern over the possibility of overfishing led to the creation of the Marine 
Fisheries Commission (MFC) within the FDNR in 1983. The MFC is responsible for 
regulations controlling all marine life (except endangered species) within Florida 
jurisdictional waters. The Commission's major responsibility is the conservation and 
management of the State's marine resources for the continued health and abundance of 
those resources. Within this broad framework, the MFC regulates fishing activities in 
order to “permit reasonable means and quantities of annual harvest, consistent with 
maximum practical sustainable stock abundance on a continuing basis” (Christie 1989). 


As of September 1988, rules have been set for the management of seven fisherics 
important to the South Florida economy: 


Spiny lobster 
Snapper and grouper 
Queen conch 

King and Spanish mackerel 
Billfish 

Stone crab 

Shrimp 


These fisheries are thought to be operating at or beyond optimal sustained yield. 
Nearly all of the important commercial species that are harvested in the study arca are 
included on the list of regulated species. The best hope for growth in the South 
Florida fisheries lies not with increased exploitation of these species but with the 
harvesting and marketing of nontraditional seafood resources (Cato 1985). Increased 
harvests of currently under-utilized species, such as deep-sea crustaceans, and pelagic 
and ground fish, could lead to renewed growth in the fishing industry. These non- 
traditional marine resources represent a potential addition of 2.5 billion pounds to total 
Florida landings annually (Cato 1985). If the South Florida region were to bring its 
rate of participation in these fisheries to the jame level as the more traditional fisheries 
(about 20% of State landings), landings in the study area could rise by 500 million 
pounds annually, or more than 15 times current landings. 


A 1984 Sea Grant project by Orwell et al. (1984) investigated the potential for 
development of the Gulf deep-sea crab fishery. Their results indicated a potentially 
large es that could be harvested with existing equipment. Some marketing efforts 
would be required, but the new resource could potentially augment or supplant the 
existing red crab market. 
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Figure 11.3. Commercial fishery landings for the three-county area, 1977 to 1987 (From: National Marine Fisheries Service 
1988). The 1977 to 1985 figures are adjusted for reporting inconsistencies 
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The ex-vessel value of commercial fishery landings in the study area provides a 
method for comparing the siz: of the fishing indusiry in different areas. However, 
ex-vessel value does not adequately measure the overall effect the commercial fisherics 
have on the local economy. Three alternative measures are often used as indicators of 
overall economic effects: output, income, and employment (Rockland 1988). Output is 
the value of the product produced by the industry. Income is the amount of carnings 
received in conjunction with the output. Employment refers to person-years of employ- 
ment generatcc by the output (one purson-year is equel to one person working 40 hours 
per week, for 52 weeks). A study of commercial and recreational fishing in the Florida 
Keys estimated that the commercial fishing industry in Monroe County generated output 
(1986 values in 1987 dollars) of $41 million, income of $14.8 million, and employment 
equal to 1190.5 person-years (Rockland 1988). 


These estimates include output generated from the harvesting, wholesaling, retailing, 
and restaurant preparation of commercial seafood, but do not include a multiplier to 
account for induced output, income, and employment. Including both direct and 
indirect economic effects, Rockiana ‘*988) estimated . ° the Florida Keys fisherics 
provided over $160 million in output for the Florida omy in 1986. 


Similar estimates of output, income, and employment are not available for Collier 
and Dade Counties. However, fisheries harvests for Collier and Dade Counties genera'e 
approximately 37% as much ex-vessel value as Monroe County. Multiplying the Monroc 
County estimates by 1.37 gives a rough estimate of the overall impact of the 
three-county area fisheries on the study area economy as well as on the State economy 
(see Table 11.13). 


Recreational Fishing 


Much of the value of the marine resources of the South Florida region is embodicd 
in their application to recreational activities. This is particularly true of the region's 
fishery resources. The output or product of a recreational fishery is much greater than 
the market value of the fish that are caught. Unlike commercial fisheries where fish are 
caught for market sale, it is the fishing experience that gives recreational fishing its 
greatest value (Bell et al. 1982). 


Table 11.13. Commercial fisheries output, income, and employment estimates 
(Adapted from: Rockland 1988). 


Output a income e 
toe? dollars) O87 doilers) (person-years) 
Monroe County Fisheries 

impact in Monroe County $41,071 $14,628 1,190.5 
Total impect in Florida $160,515 $51 682 4,932.5 

Three-County Area Fisheries’ 
impect in Three-County Ares $56 267 $20,314 1,631.0 
Total impect in Florida $219,909 $70,804 6.7575 
” THF? Bede’ and Cotter Counties iogeter Locours or Ge of the sxvocedl sakes of Motos County 
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Recent studies of the South Florida recreational fisheries have focused on valuing 
these fisheries by measuring the total expenditures of the anglers engaging in the fishing 
activity. ee eee coe ee een oe ae) ee Seas 0 
estimate expenditures and participation rates for charterboat, guideboui, private boat, 
headboat, and pier and bridge fishing for Monroe County. Generating economic impact 
estimates from these data also involves measuring the numbers of vessels and trips taken 


In an earlier study of saltwa‘er recreational fisheries, Bell et al. (1982) estimated 

5 million anglers engaged in recreational fishing in the State of Florida 
during the 1980 to 1981 season for a total of over 58 million days fished. On the basis 
of estimated expenditures by residents and tourists for recreational fishing, the authors 
concluded that the recreational fishing industry was responsible for approximately $5.05 


The above study included participation and expenditures by tourists as well as 
Florida residents. Participation rates in recreational fishing for cach group (tourists and 


population of 2 million and an annual tourist visitation level of 6 million, we estimate 
that 1.18 million persons engaged in recreational fishing in the study area in 1987. 


Table 11.14. Recreational fisheries output, income, and employment estimates 
(Adapted from: Rockland 1988) 
Output income 
(thousands of (thousands of Employment 
1987 dollars) 1987 dollars) (person-years) 
impect of Monroe County 
Fishenes in Monroe County $63 599 $21 260 1,605.1 


County Fisheries in Florida $244 483 $77 007 6,037 9 
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Assuming that expenditure and multiplier parameters have remained unchanged over 
this period, and correcting for changes in the general price level, it can be estimated 
that recreational fishing by residents and anglers in the three-county area generated 
$1.18 billion in total direct and indirect economic activity for the State of Florida in 
1987. This represents about 0.5% of Gross State Product in 1987. Just over 25,000 
employees would be supported by this level of activity. These data are summarized in 
Table 11.15. 


Using the same technique as above, the total direct and indirect impact of all 
recreational fishing on the Florida economy is estimated to be $6.9 billion for 1987, or 
about 4% of Gross State Product. 


As noted earlier, the major output of recreational fishing is not the fish, but rather 
the fishing experience. The above estimates of the economic impact of recreational 
fishing do not value the activity itself but only expenditures (and secondary impacts) 
associated with acquiring the fishing experience. The fishing experience itself is what 
economists call a “nonmarket activity" (Bell et al. 1982). Estimating the value of 
nonmarket activities is very difficult because the product is not directly marketed and 
thus no market price is established. One technique often used to estimate the value of 
nonmarket goods is termed contingent valuation. Contingent valuation relies upon the 
use Of surveys to ascertain the willingness of individuals to pay for the nonmarketed 
good (Tietenberg 1988). Bell et al. (1982) used contingent valuation techniques to 
estimate the satisfaction received (user value) from the use of the saltwater recreational 
fisheries. The total estimated user value of the recreational fisheries in 1980 to 1981 
was $2.07 billion. Assuming that the quality of the recreational fishing experience has 
remained constant since the original study, and adjusting this figure for the price level 
chenges through 1987 and for the growth of population and tourist visits, we estimate 
total 1987 user value to be $590 million for the study area and $3.5 billion for the 
State. 


Table 11.15. Recreational fisheries total economic impact and employment estimates 
for the three-county area (Adapted from: Bell et al. 1982). 


Tourist Resident Total 
Thousands of Participants 580.2 597.0 1,177.2 
in 1987 

Average Annual Economic 

impact Per Angier* $1,447.37 $568.89 N/A 
Total Economic impact+ $839.76 $339.63 $1,179.39 
Employment induced 19,708 5,585 25,293 
* 19867 dollars 
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Finally, we can estimate the present discounted value of the recreational fisheries by 
recognizing that user value is an annual flow and if it is expected to occur for a large 
number of years the present discounted value of the resource can be found as V = R/i, 
where 


present value of the resource 
annual return from the resource (total annual uscr value) 
the discount rate. 


Vv 
R 
i 


As determined above, 1987 total annual user value is $590 million for the study area 
and $3.5 billion for the State. Using a discount rate of 0.10, the present discounted 
value of the study area recreational saltwater fishery is $5.9 billion, and $35 billion for 
the recreational saltwater fisheries of the State as a whole. 


RECREATION AND TOURISM 


Florida has become a mecca for outdoor recreation enthusiasts from the U.S. and 
an increasingly popular vacation spot for European, Canadian, and other foreign visitors. 
The rapid growth of tourism over the past decade attests to the desirability of Florida as 
a destination site for outdoor recreation. Unfortunately, the rise in population and 
tourism in Florida has increased the pressure on available outdoor recreation sites by 
making it more costly and difficult to acquire public lands for these purposes. 


Outdoor recreation activities are gencrally subdivided into “uscr-oriented” and 
“resource-based” categories (FDNR 1987a). User-oriented recreational activities are 
those that can be co almost anywhere for the convenience of the user. Examples 
include tennis, baseball, and playground activitics, as well as outdoor concerts, 
spectator sports, and botanical gardens. Resource-based recreation is dependent upon 
some element or combination of elements in the natural or cultural environment. 
Examples of resource-based recreation include hunting, fishing, boating, sightseeing, 
visiting historical monuments, and beach activities. 


Information concerning Outdoor recreation is obtained from Outdoor Recreation in 
Florida reports for 1987 and 1989 (FDNR 1987a, 1989). These reports are produced as 
= of a comprehensive plan to meet the recreational needs of the people of Florida. 

reports provide estimates of the demand for various outdoor recreational activitics 
based on survey data, including data adapted from the annual survey of departing 
Florida visitors conducted by the FDC. The standard unit for expressing recreational 
activities is the “user-occasion.” A single user-occasion is said to occur cach time an 
individual icipates in a single outdoor recreational activity. User occasions are 
estimated regional residents, Florida residents from outside each region, and for 
tourists. These estimates are then used to generate per capita participation ratcs for 
cach group in cach activity. 


Participation rates for the top four outdoor recreation activities in Florida are 
presented in Table 11.16. The table indicates the importance of beach-relatcd recreation 
and saltwater fishing to both residents and tourists. 


It is not possible to determine the percentages of residents and tourists engaging in 
saltwater fishing activities from the FDNR report, but cstimates from another study 
indicate that approximately 29.8% of Florida residents and about 9.67% of tourists 
engage in saltwater fishing (Bell et al. 1982). 


Estimates of participation rates and user-occasions for tourisis and residents 
engaging in each of the top rated outdoor recreation activities for the three-county arca 
are presented in Table 11.17. 


Socioeconomics 


Table 11.16. Statewide demand for outdoor recreational activities: top four activities 
in 1985 (Adapted from: Florida Department of Natural Resources 1987). 


Activiti Pool Use Ridi Fishi 
Total User-Occasions 
(thousands) 131,932 147,905 69,731 29,155 
Percent of Total User- 
Occasions 218 24.4 11.5 49 
Resident User-Occasions 38,001 58,359 60,764 18,316 
Participation Rate of 
Residents 2.69 438 5.06 0.59 
Percent of Residents 
Participating 56.1 38 8 35.0 N/A 
Tourist User-Occasions 93,931 89,546 8,947 10,839 
Participation Rate of Tourists 2.85 2.62 0.26 0.32 
Percent of Tourists 
Participating 57.8 48.0 5.6 N/A 


Table 11.17. Study area demand for outdoor recreational activities: top four activities 
in 1987 (Adapted from: Florida Department of Natural Resources 1987). 


Saltwater Beach 

Activities 
Total User-Occasions 
(thousands) 20,952 
Percemt of Total User- 
Occasions 22.5 
Resident User-Occasions 7,206 
Participation Rate of 
Residents 3.59 
Tourist User-Occasions 13,746 
Participation Rate 
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Over the past 13 years, the number of tourists visiting Florida annually has surged 
from 17.6 million in 1976 to almost 37 million in 1988 (Cato 1989, FDC 1989). The 
average annual growth rate of tourism over this period is approximately 8.5%, making 
tourism one of Florida’s major growth industries. Visitors to Florida spent an estimated 
$24.34 billion dollars in 1987, ranking Florida second only to California in terms of 
total tourism expenditures (FDC 1989). 


The major source of tourism data for Florida and for individual counties within 
Florida is derived from the annual visitor studies conducted by the Division of Tourism 
within the FDC. These studies are based upon surveys of non-Florida domestic 
residents departing the State through commercial airports or via State and interstate 
highways. Tourism information and tourist characteristics from survey participants are 
then used to estimate overall tourist characteristics and participation rates. Current 
information on foreign visitors to Florida is provided by the U.S. Department of 
Transportation and is based upon port of entry data. No other data sources are 
currently available for large area tourism in Florida. 


Table 11.18 provides information on the origins and destinations of the majority of 
domestic Florida visitors. Just under 50% of all Florida visitors arrived by air in 1988. 
Of those that did, nearly 20% identified Monroe and Dade Counties as their primary 
destinations. This was the first year that the Orange-Osceola-Walt Disney World region 
surpassed Dade County as the State’s number one tourist destination for air travel 
visitors. Between 1987 and 1988, Dade County's share of air travel visitors fell from 
25.2% to 15.4%. 


The data presented in Table 11.18 indicate that nearly half of all air travel visitors 
come to the four South Florida counties of Monroe, Dade, Broward, and Palm Beach. 
Auto visitors tend to choose the northern counties as destinations, with Broward the 
only southern county in the top 10. 


Findings for individual counties derived from the 1987 Florida visitor survey indicate 
that over 6 million tourists visited the three-county area in \987. This suggests that 
roughly 18% of all tourist visits to Florida occur in the study area. A study by Curtis 
and Snows (1984) concluded that up to 19% of Gross State Product originates with 
tourism-related activities. Extrapolating this estimate to the study area, it appears that 
approximately 3.5% of Gross State Product (roughly $6.2 billion) was generated by study 
area tourism in 1986. This estimate includes both direct and indirect effects of tourist 
expenditures. 


Table 11.19 provides information on the size of the Florida tourism industry and the 
value of direct tourist expenditures. Table 11.20 presents information on employment 
and income generated by Florida tourism. 


The data in Table 11.20 indicate the importance of the tourism industry for the 
Study area. Monroe County has a total labor force of 42,455 (1987). One in five 
Monroe County workers is employed in the tourism industry. For Collier County, 
roughly 15% of the work force is employed in tourism-related activity, for Dade County, 
the ratio is about 8% (Bureau of Economic and Business Research 1988). 


Both air travelers and automobile travelers to Florida cite visits to friends and 
relatives and vacation travel as the number one and number two reasons for coming to 
the State (FDC 1989). Once they arrive, Florida visitors identify rest and relaxation as 
the number one intended activity, closely followed by beach use and visiting with friends 
and relatives. The top 10 activities listed by air and auto travelers are presented in 
Table 11.21. 
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Table 11.18. Top ten origins and destinations of domestic visitors to Florida in 1988 
(From: Florida Department of Commerce 1989). 


Air Visitors Automobile Visitors 
Origin Rank Percent Origin Rank Percent 
New York 1 13.9 Georgia 1 14.4 
New Jersey 2 72 Ohio 2 7.0 
Ohio 3 6.1 New York 3 5.0 
Pennsylvania ‘4 5.9 Tennessee 4 49 
5 5.4 Iilinots 5 44 
Texas 7 4a Michigan 7 Oak 
exas a4 ichi 41 
California 8 42 Pennsylvania 8 41 
Michigan 9 40 North Carolina 9 40 
Georgia 10 Alabama 10 40 
Air Visitors Automobile Visitors 
Destination Rank Percent Destination Rank Percent 
0-0-WDW* 1 21.6 0-0-WDOW 1 21.8 
Dade 2 15.4 Volusia 2 14.0 
Broward 3 14.7 Bay 3 12.7 
Paim Beach 4 10.5 Escambia 4 76 
Pinellas 5 9.7 Pinellas 5 72 
Hillsborough 6 9.0 Duval 6 6.8 
Duval 7 5.4 Brevard 7 6.5 
Lee 8 5.1 i 8 5.9 
Monroe 9 45 Broward 9 5.7 
Sarasota 10 42 Okaloosa 10 5.3 
* The Orange-Osceola-Walt Disney World area. 


Tourist Expenditures 
Area Visitors (thousands of dollars) 
Collier County 155,000° 79,828 
Dade County 5,069,000 2,710,531 
Monroe County 1,162,000 576,796 
Three-County Area 6,386,000 3,367 ,153+ 
State of Florida 34,067,000 33,768,510 


* Estimated by multiplying the Statewide visitor estimate by the share of tourism-related employment in 
+ Estimated by muttiptying the estimated visitor total by the average expenditure per visitor for the 
three-county area. 
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Table 11.20. Tourism-related employment and income in 1987 (From: Bureau of 
Economic and Business Research 1988). 


Tourism-Related Tourism-Related Payroll 

Employment (thousands of dollars) 
Collier County 9,206 8,885 
Dade County 75,195 70,456 
Monroe County 8,711 7,982 
Three-County Area 93,112 87,323 
State of Florida 564,291 448,195 


Table 11.21. Top 10 activities for visitors to Florida in 1988 (From: Florida 


Department of Commerce 1989). 

Air Visitors Automobile Visitors 
Activity Rank Percent Activity Rank Percent 
Beaches 1 16.0 Rest/Relaxation 1 16.6 
Rest/Relaxation 2 15.4 Vist Friends/Relatives 2 13.9 
Vist Friends/Relatives 3 13.9 Beaches 3 13.4 
Climate 4 13.4 Climate 4 12.7 
Florida Attractions 5 84 Florida Attractions 5 10.5 
Other 6 6.4 Fishing 6 6.1 
Golf 7 46 Golf 7 47 
Dancing/Night Life 8 41 Low-Cost Vacation 8 44 
Boating 9 29 Other 9 34 
Fishing 10 28 Water Sports 10 3.2 
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Foreign visitors to Florida represent a significant portion of total tourist visits. 
Nearly 2.5 million international travelers to the U.S. in 1988 listed Florida as their 
intended first destination. This represents about 22% of all international visitors to the 
U.S. and about 7% of all Florida tourists (FDC 1989). Of these tourists, nearly one 
half were European with the majority of the rest coming from South America, Central 
America, Mexico, and the Caribbean. In addition, nearly two million Canadians visited 
Florida in 1988. Unfortunately, visitation and expenditure rates are not available by 
county for international tourists; thus, more specific estimates of foreign tourism impacts 
within the study area are unavailable. The FDC European Travel Study 1984 does 
provide some information on the demographic characteristics and activities most enjoyed 
by European visitors (FDC 1985a). The Florida Everglades are identified as one of the 
top four sightseeing attractions among European visitors. One in four European visitors 
identify the South Florida region as a primary destination. 


Florida residents traveling to other parts of Florida constitute an important 
component of total tourism. A 1985 study of Florida resident travel behavior indicated 
that nearly 60% of Florida residents had taken at least one overnight travel trip within 
the State in the prior two years (FDC 1985b). For residents traveling in-State on trips 
of one week or longer, the Florida Keys tied with Orlando as the number one destina- 
tion choice. For overnight trips of less than one week, the Keys came in second to 
Orlando. For all residents taking overnight trips within the State, beach- and watcr- 
related activities were the most important activity, followed by sightsceing (FDC 1985b). 


For residents and nonresidents alike, beach and water-related activities rank among 
the top forms of enjoyment in the State. The FDNR estimates that over 50% of 
tourists and residents participate at least once a year in saltwater beach activitics 
(FDNR 1987a). This suggests that over 25 million different people used Florida 
beaches at least once in 1988. 


Florida’s beaches have obviously great value to both tourists and residents, but 
because beach use is generally a nonmarket good, valuing that resource can be difficult. 
Relying on survey information to estimate the average expenditures of beach users, 
Curtis et al. (1980) were able to estimate total direct and indirect economic impacts 
from visitor use at Ft. De Soto Park in Pinellas County. Based on total economic 
impact, the authors estimated the annual income associated with each kilometer of 
beach in the park to be approximately $980 thousand (1987 dollars). Assuming that 
beach use will continue indefinitely, and at a discount rate of 10%, the present valuc of 
each kilometer of beach in Ft. De Soto Park would be $9.63 million (1987 dollars). 
This estimate relies only on the economic impact of the beach arca and fails to take 
into consideration the value and satisfaction users received from the beach expericnee. 


Bell and Leeworthy (1988) used a recreational demand model for tourists to 
estimate the extra market value of services obtained from Florida saltwater beaches. 
This technique differs from the traditional travel cost valuation approach in that 
tourists, because of the high initial cost of transportation, desire more, rather than 
fewer, beach days as travel cost rises. Estimates of the value of beach acreage derived 
from this study are based solely on tourist valuations and do not take into consideration 
the value of beaches to persons living close by. On the basis of this model, the authors 
estimated average consumer's surplus per beach day to equal $33.91. Using data from 
an earlier study (Bell and Leeworthy 1986) and a 10% discount rate, the authors 
estimated the value of Florida beaches to tourists to be $9.1 million (1987 dollars) per 
0.4 ha. 


Most of the study area coast is composed of saltwater marshes and mangrove 
swamps. However, there are numerous beaches in the study area including two State 
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recreation arcas and some of the most pristine wilderness beaches in the State (Univ. of 
West Florida 1985). 


Recreational boating and fishing are additional activities rated among the top 10 
tourist activities. Recreational boating has also been a rapidly growing pastime with 
Florida residents. In 1987, over 614 thousand boats were registered in the State, about 
one boat for every cight Florida familics (Cato 1989). Over 1,500 private and public 
marinas are available to serve this boating industry with the largest concentrations in 
South Florida. Approximately 1,300 chartcr fishing boats, party boats, dive operators, 
and other vessels are available for hire (Cato 1989). 


Several studies have investigated the economic impact of recreational boating on the 
Florida economy (Milon et al. 1983a; Ellerbrock and Milon 1984; Milon and Adams 
1987). These studies showed the recreational boating industry to be a major Florida 
industry, directly employing over 23,000 persons and creating $1.4 billion in economic 
output in 1985 (Milon and Adams 1987). However, these studies are not able to 
identify the specific impact of tourism-related recreational boating on Florida or the 
Study area economics. 


The recreational fishing industry is heavily influenced by the participation of tourists 
(Table 11.16). Bell et al. (1982) estimated that nearly 10% of Florida tourists and 
almost 30% of residents participate in saltwater recreational angling. These estimates 
and other parameters from the study suggest that the total economic impact associated 
with saltwater angling in 1987 in the study area alone, exceeded $1.1 billion. 


It is important to note when considering the economic impacts of tourism, angling, 
and recreational boating that to a certain extent these impacts overlap. Tourists come 
to Florida for a variety of reasons, and some tourists will participate in both recrea- 
tional fishing and boating during their stay. Because of these overlapping uses, it is not 
appropriate simply to add all these sectoral impacts together when estimating total 
economic impact. 


MINERAL RESOURCES 


The nearshore and continental shelf regions of the study area are thought to contain 
deposits of phosphate, calcium carbonate and quartz sands, and heavy minerals, as well 
as petroleum (Christie 1989). Those resources lying within Florida territorial waters are 
under the jurisdiction of the Board of Trustees of the Internal Improvement Trust Fund 
and the FDNR. Current policy promotes the exploration and development of onshore 
mineral resources that lie outside of environmentally sensitive areas. Little interest has 
been expressed in Florida coastal offshore mineral deposits other than petroleum, and 
no State leases for offshore mineral mining have been granted (Christie 1989). 


Potentially economic deposits of phosphates and quartz sands are believed to occur 

on the continental shelf of the study area. However, the current world supply of 
tes from onshore sources has been more than sufficient to meet current 

demand, with the result that prices and industry activity have been slumping. Florida is 
one of the world’s largest producers of phosphate. Current phosphate production is 
concentrated east of Tampa, where extensive pebble phosphate deposits are being 
surface mined. The State possesses large reserves of these and other types of phos- 
phates (Fernald 1981). More costly offshore deposits are thus of little current interest. 
No prospecting or mining for OCS minerals has occurred on the West Florida shelf 


(MMS 1987). 
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Offshore mining cf minerals other than petroleum products is a relatively recent 
occurrence and is tied directly to technological advances in the field. Although there 
currently are no offshore mineral exploration or mining activities in the study area, a 
potential for future activities does exist. 


AREAS OF SPECIAL CONCERN 


The South Florida area is fortunate in having some of the most pristine and 
productive coastal regions in the Nation. The hundreds of kilometers of shoreline arc 
interspersed with keys and barrier islands and covered with mangrove forests, saltwater 
marshes, swamps, estuaries, and bays (FDNR 1988a). 


The semi-tropical climate of South Florida, together with its location at the 
entrance to the Gulf of Mexico, combine to produce a set of environmental conditions 
not duplicated elsewhere in the U.S. Many of these areas have been deemed to be of 
such a special quality or unique character that they have qualified for National, State, or 


Some conservation designations are readily recognized--for example, State and 
National parks; others, such as aquatic marine preserves and archeological reserves, are 
less well known. The common thread among these designated areas is that they are all 
of special concern to the Nation and the world, as well as to locai and State residents. 


National conservation programs, coupled with the most aggressive State land 
acquisition program in the country, have worked to ensure that major portions of the 
South Florida region will be held in public trust. The South Florida study area contains 
over 60 sites that qualify as areas of special concern, with at least 10 additional sites 
now under consideration for conservation by the land acquisition programs of the Static 
and Federal government as well as by private preservation groups such as The National 
Audubon Socicty and The Nature Conservancy. 


Some areas of special concern within the study area, because of their geographic 
location O1 environmental sensitivity, will be more susceptible to possible adverse 
consequences of offshore oil and gas activities. These areas will be identified in the text 
with italicized numbers which correspond to those on the accompanying map 


(Figure 11.4). 
National Parks 


Two National parks border the study area. Biscayne National Park (6), located in 
southeastern Dade County, encompasses 71,000 ha of mangrove shoreline, watery regions 
of Biscayne Bay, Atlantic waters and their associated coral reef formations, and the 
northernmost Florida Keys (Little 1987). The area was designated a National park in 
1980 in order to preserve the “rare combination of terrestrial and undersea life, preserve 
a tropical setting, and provide an outstanding spot for recreation and relaxation" (Little 
1987). The park is unusual in that 95% of its area is underwater. Biscayne National 
Park contains about 44 keys and islands in a north-south chain and access to the keys 
and islands is by boat only. The park is famous for its reefs, tropical fishes, bird life, 
shipwrecks, and unusual shoals and islands. Biscayne National Park had over 600,000 
visitors in 1987, making it one of South Florida's major recreation sites (Bureau of 
Economic and Business Research 1988). 
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Figure 11.4. State and National parks, wildlife refuges, aquatic preserves, marine sanctuaries, and other areas of special 
concern within the study area. 
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Unlike most National parks, the legislation creating Everglades National Park 


development for the 


interferes with preservation of the natural environment (SFRPC 1984b). This strong 
commitment to preservation has meant that most of the park remains relatively 
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The National Key Deer Refuge and Wilderness Arca (3), covers Big Pine and Little 
as islands. The refuge encompasses 

Sn done as tecll as U2 cthas endanaees species (iduchinn Tt, Ua. Pub and Wate 
Ne Oe ee ee NS SS eee 
Service 1986). a mangrove swamps, salty marshes and flats, 
forest land. Large numbers of scabirds and shorebirds use the refuge as a nesting 


: 
z 
3 
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The Great White Heron National Wildlife Refuge and Wilderness Arca (4) and the 
Ww ildlife Refuge and Wilderness Arca (5) are composed of scaticred 
’ lie between them. Together, these refuges cover 
over 3,800 ha, most of which is accessible only by boat. A portion of the Greu White 
Heron Refuge overlaps the National Key Deer Refuge, providing double prot ‘tion for 
the wildlife in that arca. The major bencficiarics of these protected areas are the 

i irds that use these areas for nesting and feeding. The only 
U.S. of the Magnificent Frigatebird lie within the Key West 
). The Wilderness designation of parts of the Great White Heron 
and Key West Refuges ensures that these arcas will remain free from human develop- 
ment (Kitching 1976; National Park Service 1987). 


ag 


Crocodile Lake National Wildlife Reserve (7) includes about 2,700 ha of watcry and 
marshy terrain on the northern portion of Key Largo. The reserve was creaicd to 
preserve onc of the last habitats of the endangered American crocodile and includes the 
largest stand of tropical hardwood hammocks in the U.S. (MCBCC 1986). Several other 
endangered species including the Key Largo wood rat, the Key Largo cotton mouse, and 
the Shaus swallowtail butterfly inhabit the reserve as well (K. Fink, pers. comm. 1989, 
Florida Department of Community Affairs). 


National Estuarine and Marine Sanctuaries 


The purpose of the National Estuarine Sanctuarics program is to “create natural 
field laboratories in which to gather data and make studics of the natural and human 
processes occurring within the estuaries of the coastal zone” (FDNR 1981). There are 
currently 18 such reserves in the U.S. representing differing coastal and estuarine types. 


Rookery Bay National Estuarine Sanctuary ant Marine Preserve (8) is located just 
north of Marco Island in Collicr County. The saactwary and preserve cover ap- 
proximately 1,150 ha and provide habitat for nesting birds as well as a varicty of 

animals and marine life (MMS 1986, Christic 1989). Over 80 
have been observed here including several on the endangered specics 


The 
Oceanic and Atmospheric Administration |NOAA)), State ( R), and private agencics 
Collier County Conservation Inc., The Nature Conservancy, and The National 
Society (K. Edwards, pers. corresp. 1989, Developmental Services Department, 
arca 


study hold the designation of National Marinc 
Sanctuary. The first, , i -- National Marine Sanctuary (9), covers roughly 26,000 
sanctuary is adjacent to the John Penackamp Coral Reef 
State Park (/0) (Figure 11.5) and was designated a marine sanctuary in 1975 to preserve 
the coral reef ccosysiem. Use of the sanctuary is restricted in an effort to maintain the 
reefs. The marine sanctuary designation gencrally prohibits 
the molestation or removal of any fauna, flora, or other resources from the sanctuary 


John Pennekamp Coral Reef State Park 
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Figure 11.5. John Pennekamp Coral Reef State Park and the Key Largo National Marine Sanctuary and major reefs (From: 
Voss 1988). 
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Looe Key National Marine Sanctuary (/7) covers 1,300 ha of Atlantic waters south 
i The 


of Big Pine Key. protected area is composed of a coral reef and its surrounding 
waters and provides a special resouzce tor educational and recreational uses. The wreck 
of the H.M.S. Looe, a British (rigaic that sank in 1744 (and for which the sanctuary is 


named), lies within the sanctuary’s boundaries. Unusual water clarity and moderate sea 
conditions make Looe Key Sauctuary easy to view from the surface. Because of the 

wide range of water depths within the sanctuary, the reef is easily accessible to novice 
swimmers as well as experienced scuba divers (NOAA 1981). 


State Parks and Recreation Areas 


The State of Florida maintains a large and diverse inventory of parks and recreation 
areas. The best known of the Florida parks, John Pennekamp Coral Reef State 
Park (10), the first underwater park in the U.S., is located off Key Largo in Atlantic 
waters. The park covers roughly 31,000 ha, making it one of the larger parks in the 
country. It was established in 1963 in an effort to protect a portion of the only living 
coral reef system in the continental U.S. (Little 1987). Of the 52 varieties of coral 
found in the Atlantic reef community, 40 varieties can be found in the Park. In 
addition to the coral reef, the Park also provides a haven for an enormous variety of 
colorful reef fishes (Morris 1987). 


John Pennekamp Coral Reef State Park is one of the State’s busiest parks. Over 
500,000 visitors used the park's facilities in 1987, with most engaging in snorkeling or 
scuba diving io view the reef (Bureau of Economic and Business Research 1988). The 
popularity of the park has strained the existing facilities, and concern has been expressed 
that overcrowding may deteriorate the park's ecological quality. 


Collier Seminole State Park (12) covers 2,500 ha of mangrove swamp and tropical 
hardwood forests in the northern region of the study area. A 1,900-ha wilderness 
preserve is included in the park and provides an example of mangrove swamps as they 
would have appeared before Europeans arrived on the American continent. The 
wilderness preserve area can only be accessed by a lengthy canoe trip, and the number 
of visitors is limited each day (MMS 1986; Little 1987; K. Fink, pers. corresp. 1989). 
About 60,000 persons visit the park each year (Bureau of Economic and Business 
Research 1988). 


Bahia Honda State Recreation Area (13) covers the bony skeleton of an ancient 
coral reef. The reef, now covered with dunes, beaches, and mangroves, plays host to a 
wide variety of plant and animal life including several threatened and endangered 
species. The recreation area covers Bahia Honda Key in the Lower Keys area and is 
accessible from U.S. Highway 1 or by water. In addition to the abundant wildlife found 
here, the recreation area contains outstanding beaches on both the Atlantic and Florida 
Bay sides (Little 1987; FDNR 1988a,b). Bahia Honda State Recreation Area is the 
southernmost recreation area in the U.S. and attracts over 300,000 visitors annually 
(MCBCC 1986; Bureau of Economic and Business Research 1988). 


A little farther up the chain of keys lies Long Key, the site of Long Key State 
Recreation Area (14). This recreation area preserves a typical Florida Keys setting with 
extensive mangrove swamps and tropical hardwood hammocks. The shallow lagoons 
lining the key support a large marine population (FDNR 1988c). Even before the site 
was declared a State recreation area, Long Key was famous for the magnificent sport 
fishing in its surrounding waters (MCBCC 1986). Sport fishing continues to be one of 
the major reasons that over 100,000 persons visit the site annually (Bureau of Economic 
and Business Research 1988). 
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for the 140,000 annual visitors (Bureau of Economic and Business Research 1988; 
R. Vogeney, pers. corresp. 1989, City of Key West). 


Indian Key State Historic Site covers about 4 ha of Indian Key. This location was 
the original seat of Dade County. Indian Key is accessible only by boat. Because of the 
isolated nature of this site, remains of the colony that first settled the island and was 
massacred by Seminole Indians still remain (MCBCC 1986). Approximately 5,000 


With the of the 1975 Aquatic Preserve Act, the Florida Legislature 
indicated the State’s intention to preserve for the use of future generations those arcas 
of submerged lands possessing exceptional qualities in their biological, aesthetic, or 
scientific characteristics. The Aquatic Preserve Act also provided uniform rules for the 
use of the preserves and prohibited uses such as dredging and filling, mining, drilling, 
and the erection of structures that could degrade the preserve’s overall quality. 
Currently, 41 areas have received the aquatic preserve designation. Five of these 
preserves lie within the study area (FDNR 1986; Christie 1989). 


ROOKE: f ij anctu: | rir re rve (8) is also a 


State of Florida Aquatic Preserve. As noted earlier, parts of the Rookery Bay 
complex are owned and managed by Federal, State, and local Onservation 
agencies, making it possible for Rookery Bay to fall under several preservation 
designations at once. The Rookery Bay Aquatic Preserve was established in 

1977 and, along with the adjacent Cape Romano - Ten Thousand Islands 
Aquatic Preserve (27), encompasses 25,000 ha of the most pristine submerged 
lands in the State of Florida (FDNR 19884). 


Li UU: 2.3 (2/) lies to the 
southeast of the Rookery Bay National os Sanctuary and Marine 
Preserve and to the setbwen of the Everglades National Park. The preserve 
covers approximately 11,300 ha of watery terrain dotted with small islands and 
fringed with mangrove forests. The Cape Romano - Ten Thousand Islands area 
was designated a State Aquatic Preserve in 1969 in an effort to protect this 
fragile ecosystem from encroaching agricultural and commercial-residential 

t. The preserve — a wide variety of fish and wildlife, 
including the endangered Wes ian manatee and American Bald Eagle 
(Klontz 1987). 


@ Coupon Bight Aquatic Preserve (15) is located off Coupon Bight in the Lower 
Keys. The preserve covers approximately 365 ha and affords protection to an 


area considered to contain unique biological and ecological characteristics. 


@ Lignumvitae Key Aquatic Preserve (16) is located in the Middle Keys and covers 
about 324 ha. Located on Lignumvitae Key itself are the Lignumvitae Botanical 
Gardens. These gardens are listed as a National Natural Landmark. The entire 
key is included in the botanical garden preserve and is maintained in the 
condition it _— in 1919. A single structure, the Matheson House, exists 
on the key. Power is provided by a windmill, and water comes from a cistern. 
No more than 50 visitors are allowed at the site each day (MCBCC 1986). 
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of interest is generally not submerged. wildlife sanctuaries are located within the 


Cowpens Key Wildlife Sanctuary (18) is located in the Middle Keys and 
provides a haven for several endangered and threatened species. 


habitat for the 


300 
living on Big Pine Key. In addition to providing habitat for the Key 
Sanctuary also supports a wide variety of bird life. 


Florida Archeological Reserves 


The State of Florida has designated four broad areas of State territorial waters as 
archeological reserves. In these areas, no salvage operations will be approved, and the 
areas will be used exclusively for research by qualified institutions. One such archeo- 
logical reserve is located in the study area, at Indian Key State Park near Islamorada, 
off the southeastern coast of Key Largo (20) (Christie 1989). The preserve is 
around the remains of the San Pedro, a vessel of the 1733 Spanish fleet that wrecked in 
a hurricane off the coast. 


County Parks, Recreation Areas, and Beaches 

A complete listing of county and local park, recreation, and beach facilities in the 
area would entail numerous entries. However, some of these holdings are of particular 
interest due to their locational/recreational characteristics. The following parks contain 


beach areas or shoreline mangrove regions of particular interest to this study (Univ. of 
West Florida 1985; R. Vogeney, pers. corresp. 1989). 


a 30-—_—_—_— (Monroe) contains 75 m of Atlantic beach on 
Key b 

s (Monroe) has 61 m of Atlantic beach on 
Ze Matecumbe = 


lex (Monroe) has 61 m of 
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(City o' Key West) has 1,200 m of developed beach 


West. 


a (Monroe County) has 91 m of developed 
Atlantic beach on West. 


@ South Beach (City of Key West) has a small beach area that includes a 
public access pier on Key West. 
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@ Simonton Beach (City of Key West) has a small beach with parking area on 
Key West. 


@ Vernon Street Beach (City of Key West) has a small beach area on Key 
West. 


National Register Sites 


The following locations within the study area are currently designated as, or qualify 
as, National Register Sites (MMS 1986; FDNR 1987a). 


Collier County: Marco Island Archeological Sites 
Monroe County: Fort Jefferson National Monument 


Key West: Fort Zachary Taylor 
Eduardo H. Gato House 
Ernest Hemingway House 
Key West Historic District 
Litthe White House (Quarters A) 
Key West Historic District (Extension) 
Martello Gallery-Key West Art and Historical Museum 
Old Post Office and Custom House 
Dr. Joseph Y. Porter House 
Sand Key Lighthouse 
Schooner Western Union 
The Armory 
U.S. Coast Guard Headquarters, 
Key West Station 
U.S. Naval Station 
West Martello Tower 


Sugarloaf Key: Bat Tower 


Other Sites: Indian Key 
San Jose Shipwreck Site 
Rock Mound Archeological Site 
Carysfort Lighthouse 
John Pennekamp Coral Reef State Park and Reserve 
Overseas Highway and Railroad Bridges 


Outstanding Florida Waters 


Florida Statutes 403.06(27)(a) authorize the Florida Department of Environmental 
Regulation (FDER) to create a category of waters to be considered for special protec- 
tion. That category, Outstanding Florida Waters, provides for protection against 
degradation of water quality in selected areas. The statutes require that direct discharge 
of pollutants cannot lower existing water quality and indirect discharges must not 
significantly lower existing water quality. Dredging and filling operations in these arcas 
must be shown to be in the public interest before permits will be issued. This stipula- 
tion precludes projects that adversely affect (1) human health, (2) the conservation of 
fish and wildlife, and (3) the fishing or recreational values of marine productivity in the 
vicinity of the project (FDER 1988a). 
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The FDER has undertaken, as a matter of policy, to incorporate in the designation 
of Outstanding Florida Waters, those areas that fall under the designation of 
(1) National parks, (2) wildlife refuges, (3) National scashores, (4) estuarine and marine 
sanctuaries, (5) State parks, (6) wilderness areas, and (7) aquatic preserves. In addition, 
any areas the FDER considers to be of exceptional recreational or ecological value may 
be designated as Outstanding Florida Waters. The following regions of the study arca 
are designated Outstanding Florida Waters. 


Biscayne National Park 
Everglades National Park 
Crocodile Lake National Wildlife Reserve 
Great White Heron National Wildlife Refuge and 
Wilderness Area 
Key West National Wildlife Refuge and Wilderness Arca 
National Key Deer Wildlife Reserve 
Bahia Honda State Recreation Area 
Collier-Seminole State Park 
John Pennekamp Coral Reef State Park 
Long Key State Recreation Area 
Lignumvitae Key Aquatic Preserve 
Biscayne Bay - Card Sound Aquatic Preserve 
Cape Romano - Ten Thousand Islands Aquatic Preserve 
Coupon Bight Aquatic Preserve 
Rookery Bay Aquatic Preserve 
National Marine Sanctuary 
Looe Key National Marine Sanctuary 


In addition to the above, the FDER applies the designation tc areas purchased 
under the Environmentally Endangered Lands (EEL) bond program, Conservation and 
Recreation Lands (CARL) program, Land Acquisition Trust Fund (LATF) program, and 
the Save Our Coast (SOC) program. The North Key Largo hammock region falls under 
these programs and holds the Outstanding Florida Waters designation. 


With its authority to designate as Outstanding Florida Waters any waters that are of 
exceptional recreational or ecological significance, the FDER has chosen to include 
under this designation the entire Florida Keys area, including any channels in the region 
and encompassing nearly all of the Florida jurisdictional waters surrounding the Keys. 

A small area around the Key West sewage outfall, and a small area around the Stock 
Island power plant mixing zone are exempt from the designation as are all artificial 
water bodies created in the region (Christie 1989, FDER 1989). 


Areas of Critical State Concern 


The State of Florida designates as Areas of Critical State Concern those regions in 


Areas of Critical State Concern restrict the dredge and fill 
process and prohibit the taking of coral under all but a few special circum- 
ure created the Area of Critical State Concern Trust 
fe erderens dire eadee tee ea 


labili designation ensures that new development and 
existing agricultural activities must comply with State guidelines for the protection of the 
Everglades watershed (K. Edwards, pers. corresp. 1989). 


The State of Florida operates an aggressive group of land acquisiti 
The EEL: CARL, LATF, and SOC programs all work 10 idemtfy and soqire oustand 
ing Florida lands for preservation. sites in the st 
designated of special interest, and efforts to acquire those areas have 
has 


add lands to already established conservation areas such as the Rookery Bay comp 
— jay and Coupon Bight (Partington 1987; Land Acquisition Selection 
Committee . 


Matecumbe beach contains about 250 m of Atlantic ocean frontage and is backed by 
a lush vegetation zone. This area of U Matecumbe Key is currently a high priority 
acquisition under both the SOC and LATF programs. 


The Federal government also continues to explore the acquisition of additional 


lands in the study area. Recently, the USDOI expressed a wi to consider for 
National Status, an area encompassing the Dry Tortugas and the uesas Keys 
(State of Office of the Governor 1989a). In late 1989, the ment 


— with the State of Florida in acquiring the East Everglades adjoining Everglades 
tional Park. 


Private tion associations are also active in the study area. The Florida 
Chapter of Nature Conservancy has begun what is called the Florida Keys initiative. 
Lal ag may seeks to raise $5 million for the acquisition of sensitive habitat in the 

Keys. In the past nine months, seven transactions have been completed, with 
the most recent acquisition preserving a portion of Little Torch Key critical to the 
survival of the Key deer (The Nature Conservancy 1989). Properties purchased by The 
Nature Conservancy are often turned over to State or | agencies to be managed 
and maintained in the public interest. 


CONCLUSIONS 


Current land use patterns in the three-county area reflect the unique and environ- 
mentally sensitive nature of the region. The vast majority of these lands are designated 
as parks or preserves. Because so little of the land within the study area is subject to 
development, tion densities in a few highly developed coastal regions (metro- 
politan Miami, West, and the Naples area) are high. 


Water resources in the study are limited. Only within Collier County could a large 
new supply of water (non-potable) be developed for use in OCS activities. However, 
there are no ports in Collier County with the capacity to serve as an OCS supply base. 


None of the larger near the study area could serve effectively as a supply base 
for OCS operations. oil industry has previously used Port Manatee (in Tampa Bay) 
as a temporary supply base for ny tions on the Southwest Florida shelf 
north of the study area, but would most likely locate any permanent supply base outside 
the State of Florida. 
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Marine-based industries that might be affected by OCS developments in the study 
area contribute significantly to their local economies. The Statewide economic impact 
of commercial fishing in the study area is estimated to be $220 million, while the 
economic impact of recreational fisheries is about $1.2 billion (1987 dollars). This 
amounts to about 0.5% of Gross State Product in 1987. 


About 18% of all tourist visits within Florida occur in the study area. In total 
(including the recreational fisheries impacts noted above), this tourism generated 
approximately 3.5% of Gross State Product in recent years (or about $6.2 billion 
annually). 


No conflicts in use are expected between OCS developments in the study area and 
marine mining of phosphates (because this type of mining is currently uneconomic) or 
a ee ee a a oe On om One 

ilitary services). 


There are no major sociological studies of the impact of OCS development on 
Florida communities. Other studies (such as those relating to the social impacts of new 
residential developments in Key West, or of the sociology of small fishing communitics 
in Florida) may provide useful insights on these issues, however. 


The economic data needed to evaluate the costs and benefits of OCS development 
in the study area are marginally adequate and could be improved at a moderate cost if 
four areas of research were pursued in the future, as outlined below. 


@ Employment information for the fishing industry is currently included in the 
“agricultural services” category in State labor force records. A more detailed 
breakdown of employment data focusing on commercial fisheries alone at both 
the State and county levels would make it possible to isolate any future impacts 
on this sector relating to OCS activities. 


Similarly, employment information for the tourism sector is now measured very 
broadly as total employment in tourism-related businesses such as restaurants, 
hotels, and amusement parks. This approach includes sales to local residents 
and businesses and thus tends to exaggerate the economic impact of tourism. 
This problem could be eliminated through a sampling program designed to 
identify the true tourism component of sales. 


@ Commercial fisheries reports currently identify catches only by landing site and 
not by location of catch. If OCS grid location of catch were also required to be 


@ Recreational fishing and other tourism data could be greatly improved if the 


Surveys used to measure participation and tures by tourists were 
increased in size to permit ext tion of the findings to individual countics. 
The questions could also be to identify the economic benefits yielded 


by overlapping uses such as beach visits, swimming, boating, and fishing in- 
dividually. In addition, present State tourism surveys make no attempt to 
evaluate the user value (or consumer's us) yielded by Florida's beaches, 
coral reefs, and waters. Contingent valuation methods could be used on an 
occasional basis to focus in on this important aspect of resource valuation. 


the meaning and validity of these non-use categories of value (and 
their comparability to traditional use values), additional research in this area is 
Clearly warranted. 
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INTRODUCTION 


The purpose of this chapter is to provide an overview of offshore oil and gas 
operations that might occur if leasing proceeds in South Florida. The history of leasing 
and exploratory drilling in and near the study area is reviewed. An overview of the 
phases of offshore operations is presented, with discussions of environmental concerns. 
Potential effects of routine operational discharges and accidental oil spills are treated in 
detail in Chapters 13, 14, and 15. Socioeconomic costs and benefits of offshore oil and 


gas development are evaluated in Chapter 16. 
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HISTORY OF OFFSHORE LEASING AND DRILLING IN SOUTH 
FLORIDA 


Offshore oil exploration in South Florida began in the late 1940s, following the 
discovery of oil onshore at Sunniland in 1943 (Montgomery 1987). Seventeen explora- 
tory wells were drilled between 1946 and 1967, either on land in the Florida Keys or in 
shallow, coastal waters (Table 12.1). The latter were on either Federal or State lease 
blocks. After a hiatus, 11 more wells were drilled between 1974 and 1986 on Federal 
lease blocks in deeper waters of the Southwest Florida shelf between Tampa and Naples. 
In recent years, industry interest has shified to Federal waters of the continental shelf 
south of Naples, where the Federal government granted 73 leases in 1984 and 1985. 
However, because of strong opposition by the State of Florida, it is unclear whether 
further leasing will occur or whether proposed exploratory drilling on the existing leases 
will be allowed to proceed. 


Early Leasing and Exploration 


The State of Florida began leasing offshore waters for oil and gas exploration in 
1941 (McKenzie 1983). At one time, nearly all of Florida’s Gulf coastal waters were 
under lease (Figure 12.1). Coastal Petroleum Co. holds the two remaining active leases, 
which consist of the outer third of leases 224-A and 224-B shown in Figure 12.1. 

Under a 1976 agreement between the State and Coastal Petroleum Co., the leases will 
expire in 2016 (McKenzie 1983). 


Between 1946 and 1967, nine exploratory wells were drilled in State waters in or 
near the study area (Table 12.1). Elsewhere in State waters, a well has been drilled as 
recently as 1983. Current State policy prohibits oil and gas drilling in State waters 
(D. Tucker, pers. comm. 1990, State of Florida, Office of the Governor).' 


A Federal lease sale held in 1959 has been the only offering of blocks in the 
Florida Keys area. Eighty blocks were put up for bid, 23 were leased, and three 
exploratory wells were drilled near the Marquesas Keys in 1960 and 1961 (Table 12.1) 
(La Liberte and Harris 1987). Some leases reverted to the State in 196i as a result of 
a Supreme Court decision concerning territorial waters. 


Drilling activity in and near the study area between 1946 and 1967, on both Federal 
and State leases, can be summarized as follows. Seventeen exploratory wells were 
drilled, either on land in the Florida Keys cr in shallow, South Florida coastal waters 
(Table 12.1). Well locations are shown on Figure 12.2. The wells fall into several 


groups: 


@ Four wells were drilled in the Upper Keys (Key Largo and Plantation 
Key) between 1946 and 1953: two on land and two in shallow water. 


@ Three wells were drilled on land in the Lower Keys between 1947 and 
1959: one on Sugarloaf Key and two on Big Pine Key. 


@ One well was drilled on a Federal lease near Cape Sable in 1955. 


"A settlement agreement for the Coastal Petroleum Co. lease requires that drilling be conducted at least 
once every five years. Because no minimum depth is ied, the State has allowed Petroleum Co. to 
satisfy this requirement by taking geologica! core (D. Tucker, pers. comm. 1990). 
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69% 


Table 12.1. Exploratory wells drilled in South Florida nearshore waters and on land in the Florida Keys [Compiled from: 
Smith and Hunt (1979), Attilio and Blake (1983), Applegate and Lioyd (1985), Shinn et al. (1989b), and 


unpublished data supplied by E. Shinn and the Florida Bureau of Geology]. 


Date Lease/Block Operator Location Water Depth (m) Comments 

1946 -- Republic-Robinson Key Largo ? Shows of heavy, black oil, 
slight show of gas 

1947 FSL 373 Guilt Big Pine Key (on land) Oil-stained cuttings 

1947 FSL 374 Gulf Sugarloaf Key (on land) 

1949 FSL 363 Coastal Plantation Key ? 

194? _ Coastai-Williams Key Largo (on land) 

1953 -- Sinclair-Williams Key Largo (on land) 

1955 FSL 826-G Gulf Cape Sable 3.7 Oil stained core 

1959 FSL 826-Y Gulf Marquesas Keys 4555 Show of oil 

1959 FSL 1011 California Big Pine Key (on land) Show of oil 

1960 FSL 2248 California-Coastal offshore Ft. Myers ? 

1960 OCS Block 28 Gult-California Marquesas Keys 11-12 Show of oil 

1961 FSL 224A Calitornia-Coastal offshore Ft. Myers ? 

1961 OCS Block 44 Gult-California Marquesas Keys 20 

1961 FSL 1011 California Marquesas Keys 45 

1961 OCS Block 46 Gult-Calitornia Marquesas Keys 23 

1962 FSL 1011 California Marquesas Keys 45 

1967 FSL 2248 Mobil offshore Ft. Myers ? 


* FSL = Florida State Lease. OCS = Outer Continental Shelf (Federal lease from 1959 sale) 
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Figure 12.1. State of Florida offshore oil and gas leasing map as of 31 December 1961 (From: Babcock 1962). Only the 
Outer third of the two Coastal Petroleum Co. leases is still active. 
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Figure 12.2. Leasing boundaries, active leases, and previous exploratory well sites in and near the Study area. 
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@ Six wells were drilled in the vicinity of the Marquesas Keys between 
1959 and 1962. Three were on Federal leases, and three on State 
leases. Two of the wells were potential low-volume oil producers in the 
Sunniland Formation (Applegate and Lloyd 1985, Appendix Il). 


@ Three wells were drilled in State waters off Ft. Myers in 1960, 1961, and 
1967. 


One of the exploratory well sites at the Marquesas Keys was visited in 1979 by 
scientists from the Bureau of Land Management (Smith and Hunt 1979). All six well 
sites at the Marquesas Keys were visited recently as part of a Minerals Management 
Service (MMS) project designed to evaluate the effects of exploratory drilling on South 
Florida benthic communities (Shinn et al. 1989). Results of those surveys are discussed 
later in this chapter. 


Recent Leasing and Exploration 


Portions of the Eastern Gulf of Mexico Planning Area south of Tamna have been 
offered for lease during several Federal lease sales in the late 1970s and (280s. Lease 
Sales prior to May 1983 were held using a “tract selection” approach, under which a few 
dozen to a few hundred blocks of known industry interest were offered. In lease salcs 
through March 1983, 68 blocks were leased in four map areas south of Tampa (St. 
Petersburg, The Elbow, Charlotte Harbor, and Vernon Basin). All of the leases were 
north of 26°N. Elevea tory wells were drilled in these areas between 1974 and 
1986, including six in the te Harbor map area (MMS 1988a) (Figure 12.2). No 
commercial finds have been reported, and the leases have since expired. 


In May 1983, the Federal government began offering large areas including thousands 
of blocks in each lease sale. The first two eastern Gulf of Mexico sales to use this 
“area-wide” approach were Sale 79 (January 1984) and Sale 94 (December 1985). These 
were also the first lease sales to include blocks in the Pulley Ridge and adjacent Howell 
Hook map areas, south of 26°N. Currently, there are 70 active leases in the Pulley 
Ridge area and three in the Howell Hook area. There has been no lcasing of blocks 
south of 25°N in the Dry Tortugas, Key West, and Miami map arcas; these blocks were 
not part of any planning area at the time of the 1984 and 1985 lease sales. 


Under the 5-Year Outer Continental Shelf Oil and Gas Leasing Program (hereaficr 
referred to as the 5-Year Program), a lease sale (116) scheduled for November 1988 was 
Originally to include blocks south of 26°N (MMS 1987a). However, in June 1988, the 
sale was split into two parts. Part I, which was held on schedule, included mostly blocks 
north of 26°N; some blocks south of 26°N and west of 86° W were offered, but nonc 
were leased. Part Il, which was to include blocks south of 26°N and cast of 86° W 
(Figure 12.3), was to be held no earlier than March 1989 but subsequently has been 
postponed indefinitely (see below). 


The State of Florida has consistently objected to leasing on the Southwest Florida 
shelf south of 26°N, and the possibility of exploratory drilling on the 73 active leases 
there has been postponed several times. A 1984 Congressional moratorium prohibited 
exploratory drilling south of 26°N until three years of MMS environmental studies were 
completed. The studies were completed in 1987, and plans of exploration (POEs) were 
filed by two Pulley Ridge area leaseholders in 1988 and subsequently approved by the 
MMS. However, the State of Florida found the POEs inconsistent with its Federally 
approved Coastal Zone Management (CZM) program, citing mainly the potential 
consequences of a catastrophic oil spill (Twachtmann 1988). Appeals for an override of 
the consistency denial from the two leaseholders are currently under review by the 
Secretary of Commerce (D. Tucker, pers. comm. 1990). 
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The depocenter of the South Florida Basin is located on the Southwest Florida shelf 
northwest of the Florida Keys (Faulkner and Appicgate 1986). Therefore, within the 
Study areca, it would appear that the resource potential and the probability of discovering 
commercial hydrocarbons are grcaicr in the Eastern Guif of Mexico Planning Arca than 
in the Straits of Florida Planning Arca. This is reficcted in the statistics cited below 
and summarized in Table 12.2. 


The U.S. Geological Survey (USGS) and MMS (1989) have estimated the total 
amount of undiscovered, recoverabl: hydrocarbons in the Straits of Florida 
Planning Arca as 350 million barrcis* of oil (range: 180 to 680 million barrels), and 
0.44 trillion cubic feet of natural gas (range: 0.21 to 0.79 trillion cubic feet). These 
estimates are termed conditional because they hinge on the condition that at Icast onc 
prospect contains coonomically recoverable hydrocarbons. That probability ts currently 
estimated as 0.18 (USGS and MMS 1989). 


No resource estimates are available for the portion of the Eastern Gulf of Mexico 
Planning Arca that is within the current study arca. However, the MMS recently issucd 
resource estimates for the arca south of 26°N proposed to be offered in Sale 116, 

Part Il (MMS 1989a). The cstimaics are 610 million barrels of oi! (range: 270 to 

1,060 million barrels) and 0.11 trillion cubic fect of natural gas (range: (14 to 0.16 

trillion cubic feet). The marginal probability of commercial hydrocarbons for the arca 

south of 26°N is estimated to be >0.99 (rounded to 1.00). According to the NRC 

(1989), methods used by the MMS to estimate resource potential for South Plorida are 

valid. ee ne eee ae indicate a range from 
million barrels of oil for the Pulley Ridge arca of the South Florida Basin. 

In recent hearings held by the Presidential task force, Unocal Corporation estimated 

that the South Florida Basin could contain more than 2.5 billion barrels of oil and 

25 trillion cubic feet of natural gas (Schanck 1989). 


Table 122. Resource estimates for the Straits of Florida Planning Area and the 
southern portion of the Eastern Gull of Mexico Planning Area. 


Ol Gas Probabulity 
Location (milhons (trilhons of of Commercial 
of barreis)* cubic feet)* Hydrocarbons Reterence 
Strats of Flonda 350 04 018 US. Geological 
Planewng Area (180-680) 0.21079) Survey and Minerals 
Service 
(1989) 
Eastern Gull of Mexico 610 011 100 Minerals Management 
Area (270-1 060) (0 040 16) Service (1989c)4 
south of 26°N 
Pulley Ridge map ares 36-992 - - Faulkner and 
Applegate (1986) 
South Flonde Basin 2.500 25 - Schanck (1989) 
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To put these figures in perspective, total U.S. production of crude oil in 1988 was 
approximately 8 million barrels/day, with Federal offshore production accounting for 
about 11% of the total (Energy Information Administration 1989). In addition, some 
5 million barrels/day were imported. The mean estimated reserves for the Straits of 
Florida Planning Area equate to about 27 days of total U.S. oil consumption at the 
1988 rate. The July 1989 MMS estimates for the Eastern Gulf of Mexico Planning Arca 
south of 26°N equate to 47 days, and the UNOCAL estimates for the South Florida 
Basin equate to 192 days. The South Florida Basin by itself is not likely to be a major, 
new source of oil and gas, but it could be important as one of many contributors to the 
Nation's energy supply. 


It is important to keep in mind the tentative nature of these reserve estimates and 
to view them in the proper context. Offshore oil and gas exploration is an economically 
risky business, especially in a frontier area with no existing infrastructure. There is no 
assurance that economically recoverable volumes of oil and gas exist in the offshore 
South Florida Basin. The mean reserves estimated by the MMS for the Straits of 
Florida Planning Area may appear too low to generate much industry interest because 
of the low potential return on investment. However, companies that want to drill in a 
frontier area could be hoping to discover significant new reserves that might be 
considerably greater than those estimated by the MMS. In response to a 1986 question- 
naire distributed by the MMS, the industry ranked the Straits of Florida Planning Arca 
20th out of 26 U.S. Planning Areas (MMS 1987b, Table 13.3). This ranking agrees 
closely with the ranking of the Planning Area on the basis of “risked” mean hydrocarbon 
potential (estimated conditional resources multiplied by the probability of commercially 
recoverable hydrocarbons; MMS 1987b, Appendix F, Table 6). However, in comments 
concerning the proposed 5-Year Program, seven oil companies favored a lease sale in 
the southern Straits of Florida Planning Area (MMS 1987a, Appendix B). 


Exploration and Development Assumptions 


The MMS projected the following level of exploration and development to result 
from a Straits of Florida lease sale (MMS 1987a, Appendix K): 


Exploration/delineation wells 9 
Development/production wells 13 
Platforms l 
Pipelines to shore (oil) 0 
Pipelines to shore (gas) 1 


The mode of transport for crude oil from the offshore South Florida region cannot 
be determined until the amount of recoverable reserves is known and judgments are 
made as to the environmentally oreferable and technically and economically feasible 
options (MMS 1987a, p. IV.A-20). its , crude oil from frontier areas with little or 
no existing infrastructure (e.g., Straus of Florida and Southwest Florida shelf) probably 
would be transported by tankers rather than pipelines. The tankers probably would 
transport crude oil to refineries in the northern Gulf of Mexico or the Mid-Atlantic 


region. 


J another way to evaluate the significance of the potential resources is to analyze benefits and costs to 


the State of Florida (see Chapter 16). 
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The MMS also estimated that One new onshore support base and one gas processing 
plant would be required, and that there would be one gas pipeline landfall in the area 
(MMS 1987a, Appendix K). Prospective locations for these facilities were not cited (see 
discussion later in this chapter). The MMS estimated that no heliports, refineries, 
marine terminals, pipe storage and coating yards, or p!tform fabrication yards would 
need to be constructed in the area, because existing facilities in Florida or elsewhere in 
the Gulf of Mexico would be adequate. 


These estimates musi be considered preliminary because they are tied to the 
tentative resource estimates for the Straits of Florida Planning Area published in 1987. 
Since then, the USGS and MMS (1989) have issued revised estimates of resource 
potential for the Straits of Florida Planning Area (reflected in Table 12.2). Mean 
estimates of oil resources tripled, whereas mean estimates of gas resources decreased by 
a factor of 2.5. Therefore, the level of exploration and development activities resulting 
from a lease sale may not be the same as listed above. Also, if economically 
recoverable volumes of oil or gas were not found, then there might be only a few 
exploration wells drilled. Alternatively, if substantial quantities of oil and gas were 
discovered, a much higher level of offshore and onshore activity might be expected on 
the initial leases and those acquired in subsequent sales, should they occur. 


OVERVIEW OF OFFSHORE OIL AND GAS OPERATIONS 


Offshore oil and gas operations can be grouped into four phases: Evaluation, 
Exploration, Development and Production, and Post-Production. Activities and potential 
environmental effects during each phase are discussed below. 


Evaluation 


During the evaluation phase, lease blocks are surveyed with a variety of equipment 
to evaluate hydrocarbon potential, identify prospective drill sites, map shallow drilling 
hazards, lo-ate objects of archeological significance, and document epibenthic com- 
munities. Procedures for these surveys are regulated by the MMS. 


Some geological and geophysical surveys are conducted prior to leasing, to provide 
information on deep geologic structure and hydrocarbon potential. These operations 
require a permit or notice from the MMS (MMS 1989b). 


The MMS requires data from a shallow hazards survey for all proposed wells. In 
the eastern Gulf of Mexico, a remote sensing survey and an evaluation of the potential 
for historic and prehistoric artifacts is required for blocks in depths <45 m. In 
addition, all eastern Gulf of Mexico leases in water depths <100 m contain a “live 
bottom” stipulation requiring a photographic survey of the seafloor and epibiota (MMS 
1987c). 


During shallow hazards surveys, geological and geophysical data are collected with 
fathometers, side-scan sonars, sparkers, subbottom profilers, and sometimes bottom 
sampling equipment (¢.g., corers or grabs) (MMS 1984). If the lease is in waver <45 m 
deep, additional data are collected with a magnetometer during the shallow hazards 
survey. The data must be evaluated by an archeologist and a geophysicist to determine 
whether archeological artifacts may be present. 


‘The MMS cuutlien of defines live bottom as “seagrass communities; or those areas which contain biological 
such sessile invertebrates as sea fans, sea whips, hydrods, anemones, ascidians, 
Yr. corals living upon and attached to naturally coving hard or rocky formations with 
broken, or smooth topography, or areas whose lithotope favors the accumulation of turtles, fishes, and 
other fauna.” 
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In the Eastern Gulf of Mexico Planning Area in water depths <100 m, a photo- 
graphic survey (live bottom survey) is conducted, generally after the shallow hazards 
survey is completed. Photographic coverage of the seafloor is necessary because 

ical instrumentation is often not able to detect dense growths of sessile epifauna 
(Continental Shelf Associates, Inc. 1987a). During these surveys, a towed camera sicd 
or remotely operated vehicle is used to obtain photographs of the benthos. Dredge 
samples are collected if dense epifaunal growth is observed. 


Numerous geologic hazards surveys and photographic documentation surveys have 
been conducted for Federal lease blocks off Southwest Florida (Charlotte Harbor and 
Pulley Ridge map areas) during the 1980s. Survey vessels have gencrally operated out 
of Tampa/St. Petersburg and Key West. To date, no environmental concerns have been 
raised about these activities off the Florida coast. 


Geophysical surveys, at least on a small scale, do not pose much of an environ- 
mental hazard. However, there is some concern that noise produced by seismic 
equipment such as air guns and sparkers may temporarily disturb or harm marine 
mammals, sea turtles, and fish (MMS 1984). The use of explosives, which have the 
greatest potential for damaging or killing animals, is tightly controiled by the MMS and 
is permitied in only a small percentage of geophysical surveys (MMS 1984). 


There has been considerable MMS-sponsored research on the subject of noise 
effects on migrating whales in Alaska and California (Gales 1982; Malme et al. 1985, 
1989, also see review in MMS 1987b, Appendix |). Noise from seismic operations can 
result in avoidance reactions, but the detection distance varies depending On the specics 
and environmental conditions. The MMS is currently sponsoring a synthesis of the 
effects of noise on marine mammals. A final report is due in the summer of 1990 
(J. Wilson, pers. comm. 1990, MMS, Herndon, VA). 


In California, some fishermen contend that geophysical surveys make it more 
difficult to catch fish (MMS 1988b). Prciiminary studics have been conducted by 
Greeneridge Sciences, Inc. (1985), Maime et al. (1986), and Pearson ct al. (1987). The 
MMS is currently conducting a study of the effects of geophysical survey sounds on 
California commercial fisheries (MMS 1988p). 


Other concerns in relation to geological and photographic evaluation surveys include 
the potential for vessel collisions with cndangered marine mammals and sea turtles, and 
possible space-use conflicts with commercial fishing activities such as shrimp trawling 
(MMS 1984). 


Exploration 


During the exploration phase, one or more wells are drilled to evaluate hydrocarbon 
potential. Depending on the success of initial drilling efforts, additional wells may be 
drilled to delineate hydrocarbon deposits and identify the most favorable locations for 
production drilling. 


Three types of mobile drilling rigs are used to drill exploratory wells: jack-up rigs, 
semi-submersible rigs, and drillships (Exxon Corporation 1980). Jack-up rigs, which are 
generally used in water depths <100 m, are towed by tugboats to the drill site, where 
the legs are jacked down to rest on the bottom. This type of drilling rig could probably 
be used throughout most of the study area. Semi-submersible rigs, which can be used in 
somewhat deeper water (generally <800 m), are typically self-propelled; once on site, 
they are held in place by large, radially positioned anchors. Drillships are self-propelled 
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vessels that are held in place by anchors or dynamically positioned using thrusters. 
Driliships would be necessary for deeper waters of the Straits of Florida. 


Exploratory drilling can affect the marine environment in a number of ways, but the 
effects are generally localized within a few hundred meters of a drill site. Installation 
and removal of mobile drilling rigs results in mechanical damage to the seafloor and 
benthic organisms at the drill site--either through anchoring or placement of jack-up 
legs. During the few months that a drilling rig is in place, it provides attachment 
surfaces for biofouling species (barnacles, hydroids, etc.) and attracts fish. Operational 
discharges (drilling fluids, cuttings) temporarily degrade water quality near the drill site 
and may bury or smother benthic organisms (see Chapter 13). Engines on board the 
drilling rig, support vessels, and helicopters produce noise and air emissions. Support 
vessels may collide with marine mammals or turtles during transit between the shore 
base and the drill site. Debris from the rig may clutter the bottom. Small oil spills 
may occur during fuel transfer operations, and there is a small chance of a blowout or 
other accident resulting in a large oil spill. 


The joint Florida-MMS Drilling Impact Assessment Task Force recently evaluaicd 
potential environmental effects of exploratory drilling offshore Southwest Florida (Statc 
of Florida and MMS 1989a). The task force members identified oil spills, drilling Muid 
and cuttings discharges, and rig emplacement as the factors potentially producing the 
most severe environmental effects. They concluded that a large oil spill was unlikely 
during exploratory drilling, but if one did occur and oil reached the coast, coral reefs, 
mangroves, and seagrasses could be severely affected. The task force also concluded that 
seagrasses, coral reefs, and certain live bottom communities were susceptible to damage 
from rig emplacement and drilling fluid and cuttings discharges. 


Observations of previous exploratory drill sites in the eastern Gulf of Mexico and 
Florida Keys provide some indication of potential effects of future drilling. One 
exploratory well site in the Florida Big Bend area was the subject of an elaborate 
monitoring program during 1985 to 1986 (Continental Shelf Associates, Inc. 1988a). 
Another well site on the Southwest Florida shelf was observed visually before and after 
exploratory drilling in 1986 (Continental Shelf Associates, Inc. 1987b). The exploratory 
wells that were drilled in the Marquesas Keys area between 1959 and 1962 were not 
observed before or during drilling, but one site was visited many years later by Smith 
and Hunt (1979), and all were surveyed recently by Shinn et al. (1989). 


Most other programs to monitor exploratory drilling have not dealt with tropical or 
subtropical habitats (EG&G Environmental Consultants 1982; Maciolck-Blake ct al. 
1985). Coral reefs at the Flower Garden Banks off the Texas coast have been moni- 
tored several times during exploratory and production dritling, but environmental 
restrictions and the location of the reefs on top of high-relief banks prevented exposure 
of the corals to mechanical damage or drilling effluents (see Phillips and James 1988, 


Appendix A, for a review). 
Florida Big Bend Monitoring Program 


Continental Shelf Associates, Inc. (1988a) monitored exploratory drilling in 
Gainesville Block 707, located on the continental shelf in the Florida Big Bend areca. A 
single exploratory well was drilled in a water depth of about 20 m, from June through 
November 1985. A monitoring program was set up to evaluate the effect of drilling 
effluents on the seagrass Halophila decipiens. Within one month after drilling began, all 
seagrass within a 300 m radius of the drill site was killed. There was some evidence for 
a reduction in seagrass growth out to 3,700 m from the drill site, although only one 
reference site was available for comparison. Scagrass mortality and growth reductions 
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were altributed to smothering near the drill site, as well as chronic turbidity resulting 
from nearly continuous, low-volume drilling fluid and cuttings discharges released into 
an area of weak currents (Continental Shelf Associates, Inc. 1988a). 


The results of the seagrass monitoring program were confounded by the effects of 
Hurricane Elena, which passed almost directly over the site about halfway through the 
drilling program. The hurricane destroyed all seagrass over a broad expanse of the 
continental shelf in the Florida Big Bend area (Continental Shelf Associates, Inc. 1987c), 
making it impossible to determine tne long-term effects of drilling on scagrass. Scagrass 
was Observed at the site during the following summer and during November of 1987. 
During the latter survey, sampling revealed that drilling fMluids were still present in 
bottom sediments, but there was no relation between drilling fluid concentration and 
seagrass density (Continental Shelf Associates, Inc. 1988a). It was not possible to 
determine whether seagrass would have recovered normally if the hurricane had not 
occurred. 


The species of seagrass monitored in Gainesville Block 707 is also found offshore 
within the current study arca (Continental Shelf Associates, Inc. 1989). Because 
Halophila is not a major “bed former” like Thalassia, the ecological significance of the 
seagrass mortality (other than the direct loss of production) ts not clear. The results of 
this monitoring program suggest that other scagrasses in shallow water (c.g. Thalassia in 
Hawk Channel inshore of the Florida Reef Tract) would be sensitive to reductions in 
water clarity resulting from drilling discharges. However, because of the different 
species present and the natural turbidity that occasionally occurs in nearshore waters, it 
is NOL a simple maticr to extrapolate from the results of the Gainesville Block 707 
monitoring program to potential effects on scagrass beds in South Florida coastal 
walcrs. 


Charlotte Harbor Block 622 Monitoring Program 


In 1986, Continental Shelf Associates, Inc. (1987b) monitored exploratory drilling in 
water depths of 70 to 80 m, about 160 km (87 nmi) off Sanibel Island. The bottom 
habitat consisted of coralline algal rubbic, with a sparse sessile cpifauna and a varicty of 
other algae present. Video and still cameras were towed over the drill site before and 
after drilling. No obvious effects of drilling were seen, other than the presence of a 
thin film of sediment (possibly drilling Muids) on the coralline algac. 


The Charlotte Harbor Block 622 well site was revisited in 1988 by Shinn ct al. 
(1989). They noted the presence of numerous picces of debris, including a length of 
pipe, a chair, plastic buckets, and used welding rods. Grout from the conductor casing 
had produced a mound approximatcly | m high and 10 to 15 m in diameter, resulting in 
burial of the benthic community around the well site. No widespread effects that might 
be attributable to drilling discharges were noicd. 


Marquesas Well Site Surveys 


Shinn ct al. (1989) visited six former exploratory well sites near the Marquesas Keys 
The Marquesas wells were drilled between 1959 and 1962, before environmental 
restrictions on OCS drilling came into effect. At onc well site, the “footprints” of a 
14-legged jack-up rig were still visible 28 years after drilling. The icgs had been placed 
on coral bottom, resulting in 4.5-m diameter circles of barren sand. At another well 
site, large amounts of pea gravel had been used to Ievel the bottom, and about 100 
cement bags had been discarded over the well site, resulting in altered bottom topo- 
graphy and local smothering of the biota. Scaticred pieces of debris at most sites 
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functioned as artificial reefs, providing surface area for attachment of corals and algac 
and attracting reef fish. 


Shinn et al. (1989) concluded that the only observable environmental cficcts of 
exploratory drilling were attributable to physical disruption of benthic habitats. The 
most severe damage occurred at the older sites, where drilling practices were used that 
would not be allowed today. The accumulation of debris observed at the recent drill 
sites need not have occurred, and the technology exists to clean up these sites alter 
drilling ts completed. 


Although Shinn ct al. (1989) attributed all environmental effects to physical/ 
mechanical disruption of the seafloor, it is possible that other effects occurred but the 
communities recovered in the intervening years. Also, observations at the Marqucsas 
Siles suggest that coral communities there are subject to natural disturbance on a time 
scale of 20 to § years or less; drilling effects might be different if a more mature coral 
community were disturbed (P. Dustan, pers. comm. 1990, College of Charleston). 


Development and Production 


During the development and production phase, platforms are installed to extract oil 
and gas. The extracted oil is transported by pipeline or tanker to onshore facilities. In 
the northern Gulf of Mexico, most of the oil ts transported by pipeline because of the 
well-developed onshore facilitics (Risotto and Collins 1986). There is no onshore 
infrastructure for oil and gas processing in South Florida, and oil produced here would 
probably be transported by tankers. Gas might be transported to shore via a pipeline 
(MMS 1987a, p. IV.A-20), but the landfall could not be in the study area for reasons 
discussed later in this chapter. 


Many of the environmental concerns about development and production activities 
are the same as those associated with exploration, but the magnitude and duration of 
the effects may be greater (Neff ct al. 1987). Installation of a production platform 
results in mechanical damage to the seafloor and benthic organisms. The presence of a 
semi-permanent, submerged structure leads to the development of a dense biofouling 
community and a platform reef-fish assemblage (Gallaway and Lewbel 1982; Boland ct 
al. 1983; Reggio 1989). Deposition of cuttings and fallout of biological debris from the 
platform can attract benthic scavengers (fishes and mobile invertebrates) to the site, 
resulting in a halo effect on surrounding benthic communities (Wolfson et al. 1979). 
Increased populations of benthic predators, scouring of sediments by bottom currents, 
and deposition of contaminants from effluent discharges can result in a depauperate 
benthic infauna under the plat‘.rm (Harper et al. 1981). The degree of benthic 
scouring and the magnitude and persistence of cuttings deposits vary depending on watcr 
depth and the hydrographic regime. 


Drilling fluid and cuttings discharges also occur during the development and 
production phase. With 20 to 30 wells typically drilled from a single platform, there is 
a greater potential for cumulative effects of these discharges on the benthos. Once the 
wells are producing, drilling Muid and cuttings discharges cease, but discharges of 
produced water (formation water extracted with the oil) begin. Environmental aspects 
of these discharges are discussed in Chapter 13. 


There is still considerable debate about the long-term, chronic, and cumulative 
effects of offshore development and production. There have been three major environ- 
mental studies of production fields in the Gulf of Mexico: the Offshore Ecology 
Investigation (Ward et al. 1979), the Central Gulf Platform Study (Bedinger 1981), and 
the Buccaneer Gas and Oil Field Study (Middieditch 1981). Unfortunaicly, all three 
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Studies had problems with experimental design, execution, and confounding environ- 
mental variables that make it difficult to reach definitive conclusions about cnviron- 
mental effects (Carney 1987). The applicability of these studies to South Florida is 
uncertain because the environments are so different from those of the northern Gulf of 
Mexico (¢.g., the Mississippi River discharge is not a factor in South Florida). 


There is a greater chance of an oil spill during development and production 
operations than during exploratory drilling. The probability of a blowout (or other 
accident) resulting in a spill of crude oil is still low. However, there is a chance of a 
spill during transfer operations and during transport of the oil to refineries. Oil spills 
are discussed in a separate section below. 


Post-Production 


The production life of an offshore platfc rm is generally 20 to 25 years (NRC 
1985b). If leasing and development were to occur off South Florida, the problem of 
how to remove and dispose of these structures would eventually arise. 


Currently, there are over 3,600 offshore oil and gas platforms and related structures 
on the northern Gulf of Mexico OCS, and 73 platforms were removed in 1988 (MMS 
1989c). In the past, most platforms have been removed by using bulk explosive charges 
to sever plaiform legs. The shock waves from these explosions are propagated through 
the surrounding waters and can kill or injure fishes, sea turtles, and dolphins (Klima ct 
al. 1988). Alternative removal methods are available, including the use of shaped 
charges, mechanical cutters, or underwater arc cutters (MMS 19874). 


There is increasing interest in using obsolete platforms as artificial reefs (NRC 
1985b; Reggio 1989). Florida has a vigorous artificial reef program, under which several 
former oil platforms have been sunk off Broward County (Shinn and Wicklund 1989). 
There probably would be no shortage of sites for disposal of old platforms in Florida. 


SPECIAL ENVIRONMENTAL CONCERNS IN SOUTH FLORIDA 


This section discusses potential environmental effects of offshore oil and gas drilling 
that are of particular concern in South Florida. 


Oil Spills 


A large oil spill is a rare, but potentially catastrophic event. Biological effects of 
spilled oil are discussed in Chapters 14 and 15, and social costs are evaluated in 
Chapter 16. This discussion is intended to provide the context for those chapters. 


A brief discussion of terminology is in order. | will refer to spills of <1,000 barrels 
as “small;” those of >1,000 barrels as “large; and those of >100,000 barrels as “very 
large.” Small spills may not be reported as accurately, have lower potential for environ- 
mental damage, and are not as appropriate for trajectory analysis as large and very large 
spills (Anderson and LaBelle 1988; MMS 1989b). 


The terminology 1 arbwtrary and not universal The MMS sometimes uses 10.000 barrels as the cutol! 
for @ large spill. The Petroleum Indusiry napemne szation Steenng Commutice (1990) refers to spuils 
< 1,200 barrets as “small,” those between 1.200 and 25, 

“catastrophic.” 


barrels as “medium.” and those > 25.000 barrels as 
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To put these figures in perspective, Table 12.3 lists some historical spills, including 
two large spills (Garbis and Howard Star) in South Florida. From a practical stand- 
point, spills larger than 25,000 barrels in the open sea (or 40,000 barrels in coastal 
waters) are beyond the capability of any single, existing U.S. spill cleanup organization 
(Petroleum Industry Response Organization [PIRO] Steering Committee 1990). The 
PIRO Steering Committee (1990) recently used a figure of 216,000 barrels as a target 
for developing new spill response capability (discussed later in this chapter). 


Oil spills are one of several sources of petroleum input to the oceans, including 
(1) transportation; (2) municipal and industrial wastes and runoff, (3) atmosphere; 
(4) natural marine seeps; and (5) offshore production (NRC 1985a). Transportation 
(shipping and related activities) accounts for 45.3% of the total input. This contribution 
is followed closely by municipal and industrial wastes and runoff (36.3%). Input from 
the atmosphere amounts to 9.4%, and input from natural marine seeps accounts for 
7.6%. The last category, offshore production, which includes input from exploration and 
production activities and from pipeline transmission, accounts for 1.4% of the total 
input into the marine environment. 


Two potential sources of large oil spills in South Florida are discussed below: tanker 
traffic and offshore drilling/production. 


Existing Oil Spill Risk from Tanker Traffic 


The risk of a large oil spill already exists in the study area in the form of tanker 
traffic that passes through the Straits of Florida. Tankers travelling from the Middle 
East, West Africa, the North Sea, Mexico, Venezucla, and other sources converge on the 
Straits enroute to ports in the Gulf of Mexico, the U.S. Mid-Atlantic coast, and other 
destinations (Reinburg 1984). 


Table 12.3. Sizes of some historical oil spills. 


Volume 
Spill Name Date Source Location (Barreis)* Reterence 
Zoe Colocotroni 1973 tanker Puerto Rico 37,000 Gilfillan et al. 1981 
Garbis 1975 tanker Florida Keys 1,500 to 3.000 Chan 1977 
Howard Star 1978 tanker Tampa Bay 1,000 Getter et al. 1980 
Ixtoc-l+ 1979 blowout Mexico 3 to 5 million Boehm 1962 
Funiwa V 1981 blowout Nigeria 200,000 Baker 1981 
Bahia las Minas 1986 tank fallure Panama 50,000 Jackson et al. 1989 
Exxon Vaidez 1989 tanker Alaska 240,000 Naticnal Response Team 1989 


* 1 barrel = 42 US gallons = about 160 L. 
Largest o1 spill in history 
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In 1976, the U.S. Coast Guard (USCG) estimated that tankers carrying approxi- 
mately 3 billion barrels of oil passed through the Straits of Florida within 8 to 40 km 
(4 i (Research Planning Institute 1983). The South Florida 
Regional Planning Council (SFRPC) (1984) estimated that there were over 5,500 
transits® of the Straits of Florida in 1979, with over 1.2 billion barrels of crude and 
refined oil passing through the area. Reinburg (1984) estimated approximately 1,000 
transits by cargo-laden tankers in 1984, based on 12 days of observations by the USCG. 
Reinburg (1984) did not state the total volume of oil carried, but it can be estimated 
from his data at about 500 million barrels/year. There is a discrepancy between these 
figures, and it is clear from all sources that accurate estimates of the number of tankers 
and the volume of oil passing through the Straits are not easily derived. The USCG 
does not routinely monitor the level of vessel traffic in the heavily traveied Straits 
(D. Whitten, pers. comm. 1989, USCG, Miami). 
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Four locations within the Straits of Florida and vicinity have been ide”) fied as 
crossing/merging hazard areas with a potential! for oil spill incidents (Figure 12.4) 
(SFRPC 1984): 


1. 21 km (11 nmi) south southeast of West Palm Beach. This is an area of 
crossing of north-south traffic with westbound traffic to and from North 
Africa through the Providence Channel. 


2. 19 km (10 nmi) east southeast oi | «. Lauderdale. There is a hazard here 
because of north-south traffic intersecting with tankers transporting refined 
and crude oil into and out of Port Everglades. 


3. 21 km (11 nmi) south southeast of Miami. In this area, 33,000 annual 
Miami Harbor trips merge with the large volume of through traffic. 


4. 23 km (12 nmi) south of the Dry Tortugas. This is a converging area for 
most traffic entering the Straits of Florida from the west. 


The oil spill risk due to tanker traffic in the Straits of Florida has been estimated 
by the SFRPC (1984). The projected number of “spill incidents” was 0.310 per year, 
based on the 1979 level of tanker traffic. However, this figure is not very useful 
because spills of all sizes are lumped together. Also, the source of the spill probabili- 
ties is not stated explicitly. 


The MMS has estimated the spill rate for tankers at sea as 0.9 spills of 
1,000 barrels or more per billion barrels t (Anderson and LaBelle 1988). For 
spills of 10,000 barrels or more, the rate is 0.55 per billion barrels t 
(Table 12.4).’ If the estimate of 1.2 billion barrels/year transported through the Straits 
of Florida is correct (SFRPC 1984), then the estimated mean annual number of spills of 
1,000 barrels or more is 1.08, and the estimated mean annual number of spills of 
10,000 barrels or more is 0.66. However, the proportion of this risk that applies to the 
Straits of Florida transit is not known. The length of tanker trips varies greatly depen- 
ding on the source and destination. Based on the major tanker routes shown by 
Reinburg (1984) and the relative distances involved, | will assume that | to 10% of the 
total spills from tankers that pass through the Straits of Florida will occur while the 
tankers are within the study area. The estimated mean spill rates in the study arca 


“Each transit actually consists of two passages through the Straits one while the vessel is laden with 
cargo, the other while the vessel is loaded with ballast. 


The rates for spilis of >1,000 barrets and > 10,000 barrels are not additive 
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Figure 124 Vessel traffic routes and hazard areas in the Straits of Florida (From: South Florida Regional Planning Council 
1984) 
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Table 124. Oj spill and blowout statistics. 


SPILL RATES* 
Number of Spilis per Billion Barrels Harndied 
Source > 1,000 barrels > 10,000 barrels 
Platiorms 0.60 0.24 
Pipelw.es 0.67 0.17 
Tankers (at sea) 0.90 0.55 
Tankers (in port) 0.40 0.16 


Platforms Pipelines Worldwide Tankers 
Mean 18,000 25,000 106,000 
Median 7,000 6,000 15,000 


Time period: 1971 through 1985 
Location: U.S. outer continental shelf 
Total number of new wells drilled: 15,334 


Number of Total Barrels 


Phase of Operations Blowouts Spilled 
Drilling 
Exploration 33 Q 
Development 28 19 
Non-drilling 
Production 7 566 
Workover 18 264 
Completion 12 0 
TOTAL 98 840 


* Platiorm, pipeline. and tanker spill rates are from Andorson and LaBelle (1968) Platiorm a.d pipeline 
spill rates were caiculsted by anetyzing the US outer continental shel statietcal record trom 1964 
through 1967 and ere based on the most recent GO% of more of the record Tanker spill rates were 
cecculated Gwectly trom the worldwide tanker deta bese for 1974 through | 965 


+ Meen and median sizes of piattorm and pipewne spills were caicuiated by the Minerais Manag: nent 


Service (MMS) Branch of Enwir- ~mental Modeling trom the US outer continental shell statistical record 

1964 through 1968 (spills > 1 OOO cerrels listed by Herre and Thurston 1989. Table 65) Mean and 

meden sizes of ianker sp = were ceiculsted by the MMS Branch of Enwronmental Modeling trom the 

worldwide tanker dete base «74 throuyn 1985. based on (spilie >| O00 berreis «) port and at sea) 
4 Blowout statistics are trom MMS 1977 Aupenda QO 
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would be 0.01 to 0.1 spills of 1,000 barrels or more and 0.007 to 0.07 spills of 

10,000 barrels or more per year. Thus, spills of 1,000 barrels or more might be 
estimated to occur every 10 to 100 years. The last reported large spill occurred in 1975 
when the tanker Garbis discharged 1,500 to 3,000 barrels in the Florida Keys 

(Chan 1977). 


The calculations abeve do not take into account the possibility of large spills from 
vessels other than tankers. During one three-week period in October and November 
1989, three freighters »rounded on South Florida reefs: one near the Dry Tortugas and 
two in the Key Largo National Marine Sanctuary (National Marine Sanctuary Program 
1989). All three ships carried thousands of gallons of fuel oil, but fortunately, none of 
their tanks ruptured. 


The risk of a large spill, or even a very large spill on the order of the Exxon Valdez 
incident, exists in the study area due to tanker traffic in the Straits of Florida. The 
exact magnitude of the risk is not known. On the other hand, the most common type 
of spill is of a much smaller volume and may often go unreported and unnoticed. High 
concentrations of pelagic tar to the west of the Dry Tortugas and south of the Florida 
Keys have been attributed to tanker discharges (see Chapter 3). There are numerous 
anecdotal reports of spilled oil in the area (Robertson and Robertson, 1982; C. Getter, 
pers. comm. 1989, Riedel Environmental Services, Inc.; W. Jaap, pers. comm. 1989, 
Florida Department of Natural Resources). 


Potential Oil Spill Risk from Drilling and Production 


Offshore drilling, production, and subsequent transportation of oil also carry a risk 
of oil spillage. Most of the spills that occur during drilling and production are small 
diesel spills during transfer operations (Cotton 1986). There is a low probability of a 
large spill resulting from a well blowout, fire, tank rupture, or other accident, although 
several such spills have occurred during the last 20 years (Table 12.5). The greatest risk 
is during transportation of oil by tankers. The risk of crude oil spillage exists only if oil 
is present in the study area. 


Historical data concerning the safety performance of the offshore industry are 
available from the U.S. Departmeat of the Interior, which has maintained a computer- 
ized events file since 1971 (Cotton 1986; MMS 1987b, Appendix Q). Data from prior 
to 1971 are not complete because no comprehensive file was kept. These data can be 
used to estimate the probability of oil spills during drilling and production. A necessary 
assumption is that the safety of future drilling operations will be governed by the same 
set of factors that determined the probability of past spills. 


Diesei Spills. Smail fuel spills that occur during transfer operations are the most 
frequent type of spill during OCS drilling and production. Most diesel spills during 
exploratory drilling have occurred during fuel (ransfer from the supply vessel to the 
drilling platform and from collisions involving support vessels. From 1976 through 
1985, there were approximately 3,620 new wells in Federal waters of the Gulf of Mexico 
(Cetton 1986; U. Cotton, pers. comm. 1987, MMS, Reston, VA). During this period, 
there were 72 reported diesel spills (a total of 4,736 barrel;) that were associated with 
exploratory drilling (Cotton 1986). Nearly all of the spills occurred as a result of an 
accident during transfer operations from the supply vessel to the drilling platform. 
Sixty-one of these instances involved spills of <50 barrels, whereas in 11 cases spills _ 
were >50 barrels. The largest diesel spill (and the only one >1,000 barrels) occurred in 
1979 when an anchor-handling boat collided with a drilling platform and released 

1,500 barrels. Based on these data, for a given well, there is a 2.0% overall probability 
of a diesel spill; a 1.7% probability of a diesel spill <50 barrels; and a 0.3% probability 
of a diesel spill >50 barrels. 
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Table 12.5. Oil spills of 1,000 barrels or more on the U.S. outer continental shelf 
between 1964 and 1989 (From: Harris and Thurston 1989). 


Size 

Date Location (barreis)* Cause 
Platforms 

a) Louisiana 2,559 Freighter struck platform 

1964 Louisiana 5,180 Hurricane 

1964 Louisiana 5,100 Hurricane 

* tet Louisiana 1,589 Hurricane 

1965 Louisiana 1,688 Blowout 

1969 California 77 000+ Blowout 

1969 Louisiana 2,500 Collision, blowout 

1970 Louisiana 30.000 Fire 

1970 Louisiana 53,000 Blowout, fire 

1973 Louisiana 9.935 Storage tank rupture 

1973 Louisiana 7,000 Storage barge sank 

1979 Louisiana 1,500 Collision with rig (diesel) 

1980 Texas 1,456 Pump failure, tank overflow 
Pipelines 

1967 Louisiane 160.638 Anchor damage 

1968 Louisiana 6,000 Anchor damage 

1969 Louisiana 7,532 Anchor damage 

1973 Louisiana 5,000 internal corrosion 

1974 Louisiana 19,833 Anchor damage 

1974 Louisiana 3,500 Hurricane 

1976 Louisiana 4.000 Shrimp trawl damage 

1981 Louisiana 5.100 Anchor damage 

1988 Texas 14944 Anchor damage 


* 1 barrel = 42 US. gallons = 
+ Estimates vary from 10,000 to 77,000 barrels. 


Blowouts. A blowout is a sudden, often violent release of hydrocarbons to the marine 
environment caused by a loss of well control. A blowout can cause death, personal 
injury, and property damage. In addition, if crude oil or condensate are involved, an oil 
spill can result. Depending on the environmental conditions (mainly wind and currents) 
and the adequacy of contingency plans, such an oil spill could reach the coast or 
nearshore habitats (e.g., seagrass beds, corals reefs) and result in severe environmental 
damage and considerable cleanup expenses. 


Drilling blowouts are rare events--especially on the U.S. OCS, where stringent 
blowout prevention regulations are in effect. From 1971 through 1985, over 15,000 new 
wells were drilled on the U.S. OCS, with only 61 drilling blowouts (Table 12.4) (MMS 
1987b, Appendix Q). None of the 33 blowouts during exploratory drilling from 1971 
through 1985 resulted in a spill of crude oil or condensate. A blowout during develop- 
ment drilling in 1984 resulted in spillage of 10 barrels. 


Blowouts can also occur during production, workover, or well completion. Between 
1971 and 1985, 37 non-drilling blowouts occurred on the U.S. OCS (MMS 1987b, 
Appendix Q). The total volume of oil spilled from non-drilling blowouts was 
830 barrels, with the largest single spills being 450 barrels (1971) and 200 barrels (1974). 


The largest spill caused by a blowout in U.S. waters was the 1969 Santa Barbara 
Channel spill. Estimates of the amount spilled range from 10,000 to 77,000 barrels 
(Harris and Thurston 1989, Table 65). A blowout off the Louisiana coast in 1971 
resulted in spillage of 53,000 barrels (Table 12.5). 
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The largest oil spill in history resulted from an exploratory well blowout in the Bay 
of Campeche, Mexico. The ixtoc-] blowout occurred in June 1979 and was not capped 
until March of the following year. During that time, an estimated 3 to 5 million barrels 
of oil were released into the Gulf of Mexico (Boehm 1982). 


Different geological formations have different potential for abnormal pressure that 
might cause a blowout. According to industry sources and a recent Florida-MMS task 
force report, the available geological information from South Florida indicates there is 
little likelihood of encountering abnormal pressures during offshore drilling (Schanck 
1989; State of Florida and MMS 1989b). 


Transportation. Once oil is extracted, it must be transported from the platform(s) to 
onshore facilities for processing. In the northern Gulf of Mexico, most oil is trans- 
ported to shore by an immense network of pipelines (Risotto and Collins 1986). At 
least initially, anticipated production off South Florida would not justify the expense of 
installing pipelines, which might be difficult to obtain permits for in any case. Oil 
produced off South Florida probably would be transported by tankers to facilities in the 
northern Gulf of Mexico or the U.S. Mid-Atlantic coast (MMS 1987a). 


A recent update of oil spill statistics by Anderson and LaBelle (1988) indicates that 
the rate of spillage by tankers has remained constant since last evaluated in 1983. 
Based on data from 1974 through 1985, the rate (in spills of 1,000 barrels or greater per 
billion barrels transported) is 0.9 for tankers at sea and 0.4 for tankers in port 
(Table 12.4). Transportation by U.S. OCS pipelines is safer than tanker transport (0.67 
large spills per billion barrels). However, several large pipeline spills have occurred in 
the Gulf of Mexico over the last 20 years, mostly due to anchor damage (Table 12.5). 


Existing vs. Potential Oil Spill Risk 


One consideration in regard to offshore drilling in South Florida is whether this 
activity would produce an increase in the risk of a large oil spill. This is not a simple 
issue. 


Proponents of offshore drilling argue that extraction of domestic reserves from the 
OCS will reduce the risk of oil spills from tankers carrying imported oil (Johnson 1989). 
Although this ought to be true in general, it is not necessarily so for the Straits of 
Florida area. First, tanker traffic through the Straits carries oil to and from a number 
of sources, both domestic and foreign (Reinburg 1984). It is not clear that a slight 
increase in domestic production would cause a corresponding decrease in tanker traffic 
through the Straits. Second, oil produced in the study area probably would be trans- 
ported by tankers. If a certain volume of imported oil passing through the Straits were 
displaced by production from the study area, the spill risk would actually increase. The 
total spill rate per billion barrels produced would be the sum of the platform spill rate 
(0.6) and some fraction of the tanker spill rate (0.9)°, whereas with tankers alone, only 
the fraction of the tanker spill rate would apply. There is more risk from producing 
and transporting a given volume of oil than in transporting the same volume through 
the study area. 


How does the existing risk from tanker traffic compare with the potential risk from 
drilling and produciion in the study area? The answer depends on how much oil is 
present. If there are no appreciable quantities of oil, then there is no direct risk of a 
large crude oil spill from drilling. (There might be an indirect risk if drilling rigs and 
Support vessels created a hazard to navigation in the Straits of Florida). If crude oil is 
present, the estimated mean number of spills will depend on the volume. 


® The fraction would represent the proportion of the total risk during the average tanker trip that is 
incurred during passage through the Straits of Florida (assumed in this chapter to be 1 to 10%). 
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The volume of oil passing through the Straits of Florida in tankers has been 
estimated at about 1.2 billion barrels/year (SFRPC 1984). Calculations above suggest a 
mean estimated number of spills (1,000 barrels or more) of about 0.01 to 0.1 per year 
based on this volume of tanker traffic, with the assumption that | to 10% of the total 
spill risk occurs while a tanker is in the study area. The maximum amount of crude oil 
estimated to exist in the Straits of Florida area is 680 million barrels (Table 12.2). If 
this amount were produced over a 20-year period, the annual production would be 
34 million barrels/year, or about 3% of the annual volume transported by tanker’. 
Assuming (1) that the platform spill rate is 0.6 per billion barrels produced, (2) that the 
tanker spill rate is 0.9 tor the crude oil produced in the study area (Anderson and 
LaBelle 1988), and (3) that 1 to 10% of the tanker spills occur in the study area, the 
estimated mean number of spills from production in the Straits of Florida would be 
0.021 to 0.023 per year. This is at the lower end of the range estimated above for 
tanker spills. These calculations and similar ones for spills >10,000 barrels are 
summarized below: 


Fstimated Mean Annual Number of Spills 


> 1,000 barrels > 10,0060 barrels 
Tanker traffic in Straits 0.010 to 0.10 0.007 to 0.070 
OCS production & transportation 0.021 to 0.023 0.008 to 0.010 


These calculations suggest two conclusions. First, the existing risk of a large oil 
spill from tanker traffic is probably much greater than the risk of a spill from drilling 
and production in the Straits of Florida, unless huge new oil reserves are discovered. 
Second, drilling and production probably would increase the risk of a large spill. The 
magnitude of the increase would depend on the volume of oil discovered. Because of 
the many assumptions and uncertainties in the calculations presented above, the 
probabilities provide only a general idea of the magnitude of oil spill risk. 


A complicating factor in comparing the existing spill risk from tankers vs. the 
hypothetical risk from OCS drilling and production is the difference in mean and 
median spill sizes for tankers vs. OCS platforms. Specifically, tanker spills tend to be 
much larger than platform spills (Table 12.4). 


Fate of Spilled Oil 


The location and magnitude of an oil spill and the fate of the spilled oil will 
determine whether nearshore and coastal environments are affected. Even a very large 
spill might have no apparent environmental effects if the oil were rapidly carried away 
into the open ocean (e.g., the Argo Merchant spill, NRC 1985a). Alternatively, a small 
spill in the wrong location under quiescent conditions might have severe local effects on 
coastal and nearshore communities (see Chapter 15). 


The most likely locations for a tanker accident are on the Straits of Florida side of 
the Florida Keys. The SFRPC (1984) has identified four hazard areas where one might 
expect the highest risk of an accident (Figure 12.4). Vessel grounding is also a 
possibility, as exemplified by the grounding of the freighter Wellwood on Molasses Recf 
in 1984 {Hudson and Diaz 1989) and three recent groundings on reefs in the Florida 
Keys and Dry Tortugas (National Marine Sanctuary Program 1989). 


>This estimate is high. A production rate of 34 million ba r is about four times the total 1988 
onshore oil production in Florida (D. Curry, pers. comm. 1989, F Bureau of Geology). For ——— 
the highest annual crude oil production of all Federal leases offshore California has been about 31 mil 
barrels (La Liberte and Harns 1987). 
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OCS drilling and production in the Straits of Florida Planning Arca might increase 
the risk of a spill there by creating hazards to navigation (e.g., offshore structures and 
crossing vessel traffic). Drilling and production in the Eastern Gulf of Mexico Planning 
Area just north of the Dry Tortugas and Florida Keys would introduce additional risk of 
spillage into the Florida Bay ‘de of the Keys. Oil spilled in this area could be 
transported toward the Southwest Florida coast, Florida Bay, the Dry Tortugas, and the 
north side of the Florida Keys; or it could reach the Loop Current and be transported 
around to the Florida Keys, Reef Tract, and Southeast Florida (State of Florida and 
MMS 1989b). 


Two important aspects of the fate of spilled oil are transport and transformations. 
Transport refers to the physical movement (advection and spreading) of oil due to wind 
and ocean currents. Transformations include a variety of physical, chemical, and 
biological changes, such as evaporation, emulsification, sedimentation, and biodegrada- 
tion (NRC 198Sa). 


Transformation. Hydrocarbon transformation processes are discussed in Chapter 3. 
Other pertinent references include NRC (1985a), Bartha and Atlas (1987), Boehm 
(1987), and Payne et al. (1987). 


The State of Florida and MMS (1989b) discussed transformations of a hypothetical 
1,000-barrel spill consisting of Sunniland crude oil (the oil found onshore in South 
Florida). Evaporation is expected to be the dominant process initially. Within one day, 
about one-third of the total mass would be expected to evaporate. After three days, 
about one-half of the spilled volume would remain, and emulsification would be forming 
mousse (water-in-oil emulsion). After 10 days, the oil would be more weathered, with 
more mousse forming small tar balls (1 to 10 mm in diameter). Tar balls would be 
expected to be in patches of weathered oil at the surface, and would be trailed by a 
thin, iridescent sheen. Sedimentation would continue to deplete the oil slick at this 
stage. After 30 days, only weathered oil would remain; biodegradation and sedimenta- 
tion would continue to reduce spill mass. 


Some information on the transport of spilled oil off Southwest Florida is 
available through drift bottle studies (Williams et al. 1977) and trajectory modeling 
(Continental Shelf Associates, Inc. 1987d; State of Florida and MMS 1989b). Some 
trajectories ("a statistically representative number") have also been run for launch points 
in the Straits of Florida, as part of an assessment of spill risk from tankering (MMS 
1989b, 1990). These studies indicate that oil spilled in or near the study area could 
reach the Florida Keys, Dry Tortugas, or mainland Florida coast within a few hours to 


several days. 


The most elaborate, realistic, and useful modeling efforts are those reported by the 
State of Florida and MMS (1989b). A model developed by the MMS was used to 
evaluate the transport of spilled from four hypothetical launch points on the Southwest 
Florida shelf just north of the study area (Pulley Ridge and Howell Hook map areas). 
According to the NRC (1989a), the specific numerical results of the trajectory modeling 
conducted by the State of Florida and MMS (1989b) can be considered a good first- 
order approximation (NRC 1989a) of oil transport off Southwest Florida. Nevertheless, 
the qualitative findings about the fate of spilled oil are the most important outcome of 
the modeling effort. 


The State of Florida and MMS (1989b) simulations show that the Loop Current and 
the Florida Current provide a powerful mechanism for exposing much of the study area 
to spilled oil. Specifically, the results show that oil spilled on the Southwest Florida 
shelf could be entrained in the Loop Current within a few days and transported rapidly 
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around to the Florida Keys and Southeast Florida. The results are in accord with 
observations of high concentrations of tar on Southeast Florida beaches, which have 
been attributed to transport of Gulf of Mexico tanker discharges by the Loop Current 
and the Florida Current (see Chapter 3). In some cases simulated, oil spilled north of 
the Dry Tortugas was entrained in the Loop Current, carried around to the Straits of 
Florida, then blown back through the Florida Keys to hit Florida Bay or the Southwest 
Florida coast. The simulated spills entrained in the Loop Current reached these latter 
areas faster by the indirect route than by direct transport toward the mainland coast. 
Thus, time for oil to reach shore is not strictly a function of the proximity of the spill 
site to shore. 


Oil carried by the Loop Current and Florida Current could impinge upon coastal 
areas through eddy or meander formation, or through winds blowing across the axis of 
the main current. As an example, oil spilled from the Garbis on 18 July 1975 in the 
Straits of Florida, at a point 42 km (23 nmi) south-southwest of the Marquesas Keys, 
oiled shorelines from Boca Chica Key to Little Pine Key beginning on 21 July 1975 
(Chan 1977). Easterly winds blowing across the main axis of the Florida Current drove 
the slick ashore and spread it across a 56-km (30-nmi) stretch of shoreline. 


Oil entrained in the Loop Current could also be transported out of the study area 
without hitting the coast. For example, a 1970 spill from an unknown vessel completely 
missed the Florida Keys, despite the formation of a 120 km (65 nmi) long slick seen at 
John Pennekamp Coral Reef State Park (Smithsonian Institution 1971). Also, an oil 
spill entrained in these major currents would be subject to shear because of the large 
velocity gradient; consequently, a slick could become elongated and broken into many 
long streamers, and mousse formation could be enhanced (State of Florida and MMS 
1989b). 


Contingency Planning 
Large oil spills are rare events, but they do occur. Contingency planning is 


necessary tO minimize the chance of oil reaching sensitive shorelines (¢.g., mangrove 
forests) and nearshore habitats (e.g., coral reefs and shallow, subtidal seagrass beds). 


On a National level, the Clean Water Act of 1977 provides for the development of 
a National Oil and Hazardous Substance Pollution Contingency Plan (commonly 
referred to as the National Contingency Plan) to deal with oil spills and other pollution 
incidents [Florida Department of Natural Resources (FDNR) 1988]. Under the 
National Contingency Plan, the USCG provides on-scene coordinators (OSC) to direct 
the response to oil spills. The OSC is responsible for notifying the spiller, directing and 
monitoring cleanup efforts, and providing advice to the spiller as necessary (MMS 
1988c). If the spiller cannot be identified or fails to respond adequately, the USCG has 
working agreements with local cleanup companies throughout the Gulf of Mexico; the 
Atlantic Area Strike Team, located in Mobile, AL, is available to respond to large or 
very large spills (MMS 1988c). A Regional Response Team consisting of various State 
and Federal agency representatives provides advice to the OSC as requested. A 
National Response Team, consisting of representatives from 14 Federal agencies, is 
available to provide additional resources and to assist in major policy decisions. 


The National Contingency Plan is supplemented and complemented by Regional 
Response Pians and State Response Plans. Florida is covered by the Atlanta Coastal 
Region IV Contingency Plan, which also covers Alabama, Georgia, Mississippi, North 
Carolina, and South Carolina (FDNR 1988). The USCG is responsible for the coastal 
aspects of the Regional Contingency Plan. In Florida, the FDNR is the lead agency in 
dealing with coastal pollution incidents. 
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The offshore petroleum industry also develops contingency plans for oil spills. The 
MMS requires operators to submit oil spill contingency plans before receiving permits 
for conducting offshore operations. These plans are reviewed annually (MMS 1988c). 
Companies drilling offshore Florida have had to develop additional contingency plans to 
satisfy the State of Florida (Continental Shelf Associates, Inc. 1987d). Also, in the Gulf 
of Mexico, a group of oil companies has formed the Marine Industry Group, which 
serves to identify the location of cleanup equipment, identify sensitive environments, and 
develop spill prevention and containment measures (MMS 1988c). 


Contingency plans on several different levels are undergoing reevaluation following 
the March 1989 Exxon Vaidez spill in Prince William Sound, Alaska. A report by the 
National Response Team (National Response Team 1989) points out that contingency 
plans for the Alaska spill site were inadequate. The USCG has been directed to 
evaluate the adequacy of existing plans to deal with large spills (D. Whitten, pers. 
comm. 1989). Florida Governor Martinez recently ordered State officials to update 
Florida’s contingency plans to deal with such a massive spill, and created a State Spiil 
Response Task Force that recently issued a draft report outlining specific measures to 
reduce spill risk (Spill Response Task Force 1990). Most of the task force recom- 
mendations are concerned with vessel operations in and near Florida ports. 


The oil and gas industry has also reacted to recent events by forming the Petroleum 
Industry Response Organization (PIRO), which plans to establish five regional centers 
to handle spills that exceed the capacity of existing spill response cooperatives 
(American Petroleum Institute 1989, PIRO Steering Committee 1990). None of the 
existing Cooperatives can handle an open ocean spill larger than 25,000 barrels, whereas 
each PIRO regional center would have the capacity to respond to a 216,000 barrel spill. 


If leasing does occur, companies planning to drill in the study area will have to 
develop oil spill contingency plans to satisfy the MMS and the State of Florida. As part 
of the planning process, trajectory modeling can be used to determine how much time 
there would be to respond before oil reached the shoreline or other features of 
interest."° Results reported by the State of Florida and MMS (1989b) for launch points 
on the Southwest Florida shelf just north of the study area indicate that oii could reach 
Florida Bay, the Dry Tortugas, the Florida Keys, or the Reef Tract in one to three days. 
The minimum time to reach these points did not strictly reflect distance; oil reached the 
Reef Tract faster from launch points further offshore because the oil was transported 
with the Loop Current. 


The risk of a large or very large spill already exists in the study area because of the 
large number of tankers and other large vessels passing through the Straits of Florida. 
The adequacy of existing contingency plans to deal with such a spill is unknown. This is 
a critical issue, regardless of whether drilling and production ever occur in the study 
area. 


To allow more time to respond in the event of a tanker spill, Florida’s Governor 
recently reached an agreement with 15 oil companies to keep their tankers at least 
18 km (10 nmi) offshore when transiting the Straits of Florida (State of Florida, Office 


10 rraject paeeye for contingency planni yo is not the same as the modeling conducted by 
the MMS for each lense MMS tjectaly meddike ocuses on the probabilities that a spill from 
oa. in ae ho These statistical bilities are virtually ingless if 
only one or a few spills are expected. Because the trajectory of an individual spill cannot be icted in 
advance with confidence, the main goal of modeling for contingency planning is to estimate the minimum time 
in which a spill could reach a icular target. This can be estimated by simulating trajectories under “worst 
case" assumptions (Continental Shelf Associates, Inc. 1987d), or by simulati Ss and identifying 
those in which oil reaches shore in the shortest time (State of Florida and $1 ). 
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of the Governor 1990). At the request of the Governor and the President, the USCG 
will propose a similar avoidance zone in June 1990 to the International Maritime 
Organization. The proposal would apply to all American and foreign vessels carrying 
cargos of oil or hazardous material, and all other vessels of 500 metric tons or more. 


Drilling Near Biologically Sensitive Areas 


Drilling activities have the potential to damage or degrade the environment around 
driliing rigs and platforms. Except in the event of a well blowout resulting in a large 
oil spill, the environmental effects of drilling can be expected to be localized within a 
few hundred meters of a drill site (NRC 1983; Neff et al. 1987). The main concern is 
that drilling not occur where the biota are sensitive to mechanical disturbance or 
effluent discharges. 


The study area contains the most dense concentration of environmentally sensitive 
habitats anywhere on the U.S. OCS. Habitats found within Federal waters (i.c., 
potentially open to leasing) include coral reefs, nearshore seagrass (Thalassia) beds, 
offshore live bottom habitats, and deepwater (Halophila) seagrass meadows. 


Most of the major reefs in the Florida Reef Tract are located in Federal waters 
potentially open to leasing and drilling. Under the proposed Straits of Florida lease 
sale described in the 5-Year Program (MMS 1987a), leasing would be deferred in the 
two National Marine Sanctuaries (Key Largo and Looe Key) that are within the study 
area. However, leasing would still be allowed up to the border of these marine 
sanctuaries and in other portions of the Reef Tract, including the deep reef that occurs 
seaward of the major bank reefs (see Chapter 5). 


Surveys of old exploratory well sites in the Marquesas Keys by Shinn et al. (1989) 
indicate that the major lasting effects of drilling were attributable to physical/mechanical 
disruption of the seafloor. Modern restrictions on drilling practices probably would 
have prevented the kinds of damage to corals and other biota that were observed by 
Shinn et al. (1989). However, other, less-lasting environmental effects might have 
occurred (Shinn et al. visited the sites over 25 years after the wells were drilled). Also, 
the effects might be different in areas of more mature coral growth (P. Dustan, pers. 
comm. 1990). Potential effects of drilling on coral reefs are discussed in more detail in 
Chapter 13. 


The major Thalassia seagrass beds are located in State waters in Florida Bay (see 
Chapter 4). However, extensive Thalassia beds also occur in Hawk Channel, the lagoon 
behind the Florida Reef Tract. Some of this area is in Federal waters (Marszalck 
1982). Also, offshore seagrass meadows dominated by Halophila decipiens occur 
extensively on the Southwest Florida shelf (see Chapter 5). A monitoring program in 
the Florida Big Bend area (discussed above) has shown that these seagrasses are 
sensitive to drilling discharges (Continental Shelf Associates, Inc. 1988a) (see also 
Chapter 13). Little is known of the productivity and ecological relationships within 
these offshore seagrass meadows. Therefore, it is difficult to judge the significance of 
environmental damage that might occur as a result of drilling discharges in the area. 


Low-relief hard bottom areas colonized by sponges, stony corals, octocorals, and 
other reef biota are widely distributed on the Southwest Florida shelf and occur offshore 
of the Reef Tract on the Straits of Florida shelf (see Chapter 5). Live bottom areas are 
considered important because they attract reef fish (Cummins et al. 1962; Struhsaker 
1969, Darcy and Gutherz 1984). The occurrence of live bottom is so patchy and 
unpredictable on the Southwest Florida shelf that site-specific visual surveys are required 
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for each lease block. There has been no quantitative monitoring of the effects of 
drilling on these benthic communities off West Florida. 


Biologically sensitive areas are protected by the MMS in two main ways: through 
lease sale deferrals and lease stipulations. Another way in which sensitive environments 
and biota can be protected is through the regulation of drilling discharges by the U.S. 
Environmental Protection Agency (EPA). These measures are discussed later in this 
chapter under Regulatory Considerations. 


Hazards to Navigation 


The Straits of Florida is a major shipping corridor. Installation of temporary or 
semi-permanent structures (rigs or platforms) and addition of crossing vessel traffic in 
this area would probably increase the risk of marine traffic accidents. Because of the 
large number of tankers and other large vessels traveling through the Straits, this is a 
serious concern that should be evaluated carcfully. 


According to a 1976 study by the USCG, vessels travelling cither way through the 
Straits of Florida follow well-defined routes. East- or northbound traffic tends to travel 
1S to 24 km (8 to 13 nmi) offshore of the reef-line navigational aids, converging on the 
Florida Current in the vicinity of Alligator Reef Light. Southbound or westbound 
traffic tends to travel inshore of the Florida Current, about 2.5 to 5 km (1.3 to 2.6 nmi) 
offshore of the reef-line navigational aids (USCG 1976). However, recently 15 oil 
companies agreed to keep their tankers at least 18 km (10 nmi) offshore during passage 
through the Straits of Florida, in order to reduce the risk of vessel groundings and oil 
spills (State of Florida, Office of the Governor 1990). 


The four hazard areas pinpointed by the SFRPC (1984) in the Straits of Florida 
(Figure 12.4) all involve crossing or merging vessel traffic. One would not expect 
offshore operations to result in nearly the volume of traffic enicring and exiting ports 
such as Port Everglades, Miami, and West Palm Beach. However, some additional risk 
of an accident could be involved. 


Responsibility for regulating marine navigation on the OCS is shared by the USCG 
and the U.S. Army Corps of Engineers. The USCG designates fairways and traffic 
separation schemes. The authority of the USCG to regulate vessel movement in the 
Straits of Florida is limited because much of the traffic is in international waters (D. 
Whitten, pers. comm. 1989). There is no formal fairway or traffic separation scheme in 

but there is a de facto separation based on water current patterns, as noted above 
(SFRPC 1984). 


Placement of structures such as drilling rigs and platforms on the OCS requires a 
permit from the U.S. Army Corps of Engineers (MMS 1988c). Structures are not 
allowed in designated fairways. Lighting requirements are specified by the USCG. 


Vessel Traffic 


Boat and ship traffic is associated with all phases of offshore oil and gas operations. 
Vessel traffic could contribute to destruction of nearshore seagrass habitats and result in 
collisions with endangered marine mammals and sea turtics--depending on the location 
of the onshore service base. Because of the limited scope of operations anticipated by 
the MMS (1987a) and the low likelihood of a service base being located in the study 
area (see below), OCS vessel traffic should not present a major environmental problem. 
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The risk of vessel collisions with marine mammals and turtics would sccm to be low 
in the open ocean. However, it is reasonable to be concerned about the potential for 
boat col’ ions with manatces if a shore base were located within the critical range of 
the species. The current population of manatees is estimated at 1,200, over 100 
mortalities have been reported cach year for the past few years, with about one-third of 
those attributable to boat traffic in Florida waterways (sce Chapter 8). All cxploratory 
drilling to date on the Southwest Florida shelf has used Port Manatce (in Tampa Bay) 
as a shore base. UNOCAL, which is one of the two Pulicy Ridge Icascholders currently 
awaiting the outcome of CZM consistency appeals to the Department of Commerce, has 
proposed to use Ft. Myers (Continental Shelf Associates, Inc. 1988b). Choice of 
Ft. Myers required a jeopardy opinion from the U.S. Fish and Wildlife Service 
(USFWS) because vessel traffic to and from the onshore base would have to pass 
through the critical habitat of the manaitcc. 


Voss (1988) noted that the large volume of boat traffic nearshore in the Florida 
Keys (c.g, in Hawk Channel) contributes to the destruction of seagrass habitat, both 
directly and indirectly through stirring up of bottom sediments. It is unlikely that a 
shore base for OCS drilling would be located in the Florida Keys (sce below). If the 
vessel traffic remains offshore, the risk of damage to nearshore habitats should be 
minimal. 


Dumping of Trash and Debris 


The dumping of trash and debris in marine waters from boats, ships, and offshore 
platforms is becoming a serious problem (O'Hara 1988). Plastic sheeting, plastic bags, 
monofilament fishing linc, and other such refuse have been implicated in the deaths of 
marine mammals, sca turtles, and birds through ingestion and entanglement (Bunn 
1988). Trash can foul and smother corals, gorgonians, and other reef organisms 
(P. Dustan, pers. comm. 1989, College of Charleston). Also, vast quantities of marine 
debris ultimately wind up on the beaches. Aside from the obvious negative effect on 
the enjoyment of the beaches, this material costs money to clean up, and some can 
present a health hazard (¢.g., medical waste). 


The offshore oil and gas industry is one of many contributors to the marine debris 
problem in the Gulf of Mexico (Kewley 1988). In Texas, which has extensive offshore 
oil and gas operations, surveys of Mustang Island beaches have identified debris from 34 
countries (Amos 1988). Sources of debris include ships, rigs, platforms, recreational 
vessels, shrimp boats, and s~oply boats. Florida, which does not have extensive offshore 
oil and gas operations, ranked second to Texas in a recent nationwide cleanup effort, 
with over 190 tons of debris collected from 1,475 km (795 nmi) of beaches (Clark 1989). 


A recent U.S. law prohibits dumping of plastics from ships at sea and restricts 
disposal of other garbage and debris (MMS 1989b). The Marine Pollution Research 
and Control Act of 1987 implements Annex V of the International Convention for the 
Prevention of Pollution from Ships. The USCG is responsible for enforcing 
of the new law, most of which went into effect at the end of 1988. Designation of the 
Gulf of Mexico as a “Special Area” under Annex V is being proposed by the EPA to 
the Marine Environmental Protection Committee of the International Maritime Organi- 
zation. This designation would prohibit all non-plastic waste disposal in the area, with 
the ion of food waste discharged no less than 22 km (12 nmi) from land (Florida 


Coastal Update, February 1990). 


Although laws and strict enforcement can reduce at-sea disposal of trash and debris, 
education and awareness are the real keys to solving this problem. In 1986, the MMS 
issued a Notice to Lessees (NTL 86-11), advising oil companies in the Gulf of Mexico 
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that offshore oil and gas operations were contributing to a chronic problem of marine 
debris (MMS 1988c). The Offshore Operators Committee has produced a videotape 

program to educate offshore perzonnel, and encourages them to participate in beach 

cleanup activities (Kewley 1988). In the last few years, there has been a reduction in 
oil- and gas-related debris on Louisiana and Texas beaches, perhaps due in part to the 
industry's educational efforts (Amos 1988; Kewiey 1988). 


A post-drilling survey of an exploratory well site on the Southwest Florida shelf 
revealed the presence of hundreds of welding rods and other metal debris (Shinn et al. 
1989). The well was drilled in 1986. The presence of metal debris on the bottom 
indicates that rig personne! were nol comscientious about littering the environment. If 
further drilling is allowed off South Florida, education and/or additional regulation of 
rig personnel is needed to minimize the debris problem. 


Siting of Onshore Facilities 


In its description of a proposed Straits of Florida lease sale, the MMS estimated 
that one new onshore support base and one gas processing plant would be required, and 
that there would be one gas pipeline landfall in the area (MMS 1987a, Appendix K). 
Prospective locations for these facilities were not cited. The MMS estimated that no 
heliports, refineries, marine terminals, pipe storage and coating yards, or platform 
fabrication yards would need to be constructed in the area, because existing facilities in 
Florida or elsewhere in the Gulf of Mexico would be adequate. 


The SFRPC (1984) evaluated potential locations for service bases for offshore oil 
and gas operations. Only one possibly suitable location for a service base was identified 
in Monroe County, on Boca Chica Key just north of Key West. Subsequently, Monroe 
County adopted a comprehensive plan that changed the land use designation of this site 
to commercial fishing (MMS 1987c). Also, because of the limited water supply and 
nearly universal opposition to offshore drilling in the Florida Keys, it is very unlikely 
that any onshore facilities would be permitted there by local governments. 


The nearest likely locations for onshore service bases are near Port Everglades 
(north of Miami) and Port Manatee (in Tampa Bay). Port Everglades is 2 major port 
that supports the second largest volume of tanker traffic in the U.S. Port Manatee has 
served as a support base for exploratory drilling on the Southwest Florida shelf. Closer 
to the study area, San Carlos Island near Ft. Myers is considered marginally suitable as 
a base for exploratory drilling (Southwest Florida Regional Planning Council 1983). 
UNOCAL has proposed to use that base to support exploratory drilling in Pulley Ridge 
(Continental Shelf Associates, Inc. 1988b). Mobil, the other leaseholder that has 
proposed to drill in Pulley Ridge, considered the Ft. Myers site to be unsuitable and 
proposed to use Port Manatee (Continental Shelf Associates, Inc. 1988c). 


Lack of a nearby service base would be expensive and inconvenient for the oil 
companies, but would not preclude them from operating in the study arca. However, 
because of the long travel time from a distant shore base, it would probably be neces- 
Sary to station a dedicated response vessel at the drilling rig or platform to deal with 
minor oil spills. This approach was required by the MMS for POEs submitted by 
UNOCAL and Mobil for drilling in the Pulley Ridge area (Continental Shelf Associates, 
Inc. 1988b,c). 


The SFRPC (1984) indicated that a ible location for a pipeline landfall in South 
Florida would be near Everglades City (Ten Thousand Islands area). A gas pipeline 
routed north from this location could hook into the Sunniland pipeline to Port 
Everglades (SFRPC 1984). From an environmental standpoint, the Ten Thousand 
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Isiands arca is not a good choice for a pipeline landfall because of the likely destruction 
of mangrove habitat. This point is moot now, because a Florida law passed in 1989 
prohibits placement of oil and gas structures, including pipelines, in State waters south 
of 26°N on the Gulf coast or south of 27°N on the Atlantic coast (D. Tucker, pers. 
comm. 1989). Therefore, if there is a pipeline landfall, it would have to be outside the 
Study arca. 


A gas processing plant rcmoves impurities from raw gas and separaics valuabic 
gascous such as methane, butane, and propane from heavier components 
(SFRPC 1984). The plant must be located between a pipeline landfall and a commer- 
cial gas transmission line. The MMS (1987a) states that a gas processing plant may be 
needed as a result of a future lease sale in the Straits of Florida. However, the SFRPC 
(1984) indicates that construction of a gas processing plant in Florida is unlikely unless 
there is a very large find. Also, there should be no need for a gas processing plant if 
there is no gas pipeline landfall in the study area. 


REGULATORY CONSIDERATIONS 


If leasing does eventually occur in the study area, regulatory mechanisms cxist that 
can limit, minimize, or avoid environmental damage from mosi routine OCS operations. 
Some have already been mentioned. For a comprehensive review of the regulatory 
framework, see a recent Environmental Impact Statement (c.g, MMS 1989b, 1990). 
Some relevant examples are cited below: 


@ Lease sale deferrals can be used to prevent specific areas (e.g, the Florida 
Reef Tract) fre being exposed to drilling activities, or to preclude an 
OCS-related oii spill from occurring near the coast. Deferral of leasing 
near biologically sensitive arcas has been standard practice off West Florida 
and elsewhere in the Gulf of Mexico (¢.g., around the Flower Garden Banks 
and the Florida Middle Ground) (MMS 1987c). For three recent lease sales 
in the Eastern Gulf of Mexico Planning Area, the MMS established a 
nearshore buffer extending 37 to 56 km (20 to 3 nmi) seaward from the 
Florida Three League Line. The purpose of this buffer, established at the 
request of the State of Florida, was to protect sensitive nearshore habitats 
and to allow additional time to prevent an oil spill from reaching the coast 
(MMS 1987c). 


@ Lease stipulations can be used to ensure that benthic habitats and archeo- 
logical resources in a given lease block are mapped and mitigation measures 
are taken to avoid Leases in the recent Sale 116, Part | for the 
Scene Gieit of bteaiew Vienaien Aane euneatand 6 five tation eiipaiuton, 
an archeological stipulation, and information to lessees about protection of 
the Florida manatee (MMS 19884). The live bottom stipulation requires 

te-specific photographic surveys of the benthic com- 

lease block in water depths <100 m. If reef biota or 
, several to protect the com- 
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® Under Section 7 of the Enctrngered Species Act, the MMS must consult 
with the USFWS and the National Marine Fisheries Service (NMFS) 
concerning OCS actions that might jeopardize Endangered and Threaicned 
Species or their critical habitat. For example, if a shore base were chosen 
within the critical habitat of the manatee (¢.g., Fi. Myers), tae USFWS 
would be required to render a jeopardy opinion before the activity could 
proceed. 


@ A Fishermen's Contingency Fund, administered by NMFS, has been estab- 
lished to compensate fishermen for gear loss and damage due to presence of 
OCS structur 5. 


@ The U.S. Army Corps of Eagineers, in consultation with the USCG, must 
approve placement of siructures such as rigs and platforms on the OCS. 
Approval would require an evaluation of potential hazards to navigation. 


@ The State of Florida has a State Implementation Plan for air quality, 
coupled with regulatory enforcement and monitoving programs that would 
apply to OCS lease blocks in the study area. 


@ Through the CZM review process, the State of Florida vwcu!’ have the 
opportunity to evaluate OCS activities that might affect the Siate’s coastal 
zone. In the extreme case, the Siate could veto a proposed project (subject 
to appeal by the lessee to the Secretary of Commerce). The CZM review 
process also affords the State an opportunity to work with lessees to 
minimize or avoid environmental damage as a condition of CZM approval. 


CONCLUSIONS 


The South Florida Basin is a promising, frontier region for oil and gas exploration. 
Its hydrocarbon potential is unknown because few expioratory wells have been drilled in 
the geochemically mature offshore portions of the basin. The basin depocenter, which is 
the most favorable location for commercial hydrocarbons, is in the Pulley Ridge map 
area, adjacent to the portion of the study area within the Eastern Gulf of Mexico 
Planning Area. Therefore, in the study area, there is a greater likelihood of finding oil 
or gas in the Eastern Gulf of Mexico Planning Area than in the Straits of Florida 
Planning Area. If proposed exploratory drilling occurs in the Pulley Ridge maf area, 
the hydrocarbon potential of the South Florida Basin will probably be much better 
known by the time leasing could occur in the study area. 


Several environmental issues concerning drilling and production have been discussed 
in this chapter. These concerns cannot be evaluated fully, because resource potential, 
which determines the magnitude of OCS operations, is not accurately known. However, 
in general, there seems to be little risk of environmental damage from evaluation and 
exploratory Operations. Most of the environmental effects of these activities are 
localized and temporary, and regulatory mechanisms exist thai can limit, minimize, or 
avoid environmental damage. In contrast, environmental effects of large-scale develop- 
ment, which conceivably could occur in the event of a major find, are not as well 
known. Studies of production fields in the northern Gulf of Mexico have been flawed, 
and im any case the results are of uncertain value for predicting effects in South Florida. 


Although large oil spills are rare events, they do occasionally occur during OCS 
operations. There is alrcady a risk of a large spill from tankers passing through the 
Straits of Florida. This risk is not currently under the control of the Federal or State 
government, because the Straits is an international waterway. The recent, voluntary 
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agreement by some tanker owners (and possible future agreements involving others) to 
passage the Straits should help to reduce 

isk. The estimated risk of a spill from OCS drilling and production operations 
(including transportation) is in the low end of the range estimated for existing tanker 
traffic. However, OCS drilling and production would probably increase the risk of a 
large spill, for two reasons: (1) these OCS activities would not necessarily result in a 
commensurate decrease in tanker traffic through the Straits; and (2) there is more risk 
associated with producing and transporting a given volume of oil (by tanker) than with 
transporting the same volume by tanker. 
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Adequate oil spill contingency plans, as well as equipment and personnel to execute 
them, are critical to protection of South Florida coastal habitats, whether or not 
offshore drilling is allowed. The adequacy of existing plans is currently under review by 
Federal and State governments, as well as industry. 


No existing oil spill response measures can prevent oil from reaching oil-sensitive 
environments if a large or very large spill were to occur close to shore (or close to the 
Loop Current, whic’ pidly transport oil to the Florida Keys and Reef Tract). 
Trajectory modeli». of s)..5 can be a useful tool to estimate the minimum time for oil 
to reach shore fi. © various potential spill locations. This information could be used, 
for example, to d: wiler zones--Le., areas where OCS activities or tanker traffic 
are prohibited because there would be insufficient time to respond to a large spill. The 
adequacy of existing phvsical oceanographic data for trajectory modeling is a critical 
issue that is being evaluated under a separate MMS contract (J. Wilson, pers. comm. 
1990, MMS, Herndon, VA). 


Accurate information is needed about the number of tankers and other large vessels 
— through the Straits of Florida, in order to evaluate the existing risk of oil spills. 
The discussion of data sources by Reinburg (1984) makes it clear that tanker traffic 
cannot be calculated indirectly with confidence (e.g, by examining the volume entering 
or leaving various ports). Direct counts of tankers are preferable, but over a greater 


time period than the 12 days reported by Reinburg (1984). 


Because of the large volume of tanker traffic through the Straits of Florida, poten- 
tial hazards to navigation resulting from placement of OCS structures should be evalua- 
ted and taken into account in decisions about leasing in the Straits of Florida Planning 
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CHAPTER 13 

FATE AND EFFECTS OF ROUTINE DISCHARGES: 
IMPLICATIONS FOR SOUTH FLORIDA 
COMMUNITIES AND RESOURCES 


Alan D. Hart, Paul N. Boothe, and B. J. Presley 
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INTRODUCTION 


The purpose of this chapter is to discuss the fate and effects of routine discharges 
in the marine environment and to make informed extrapolations about the fate and 
effects of these discharges in South Florida if drilling activities commence there in the 
future. 


To date, only limited exploratory drilling has occurred in South Florida (see 
Chapter 12), and there have been few studies of environmental effects of drilling-related 
discharges in tropical and subtropical habitats. However, considerable information is 
available from laboratory and field studies in other areas. A National Research Council 
(NRC) panel reviewed the subject of drilling discharges in the marine environment in 
the early 1980s (NRC 1983). This subject received a major update at the 1988 
International Conference on Drilling Wastes held in Calgary, Alberta (Engelhardt et al. 
1989). Other pertinent reviews include Gettleson (1980), Petrazzuolo (1983), Duke and 
Parrish (1984), U.S. Environmental Protection Agency (EPA) (1985), Dodge and 
Szmant-Froelich (1985), Neff (1987), and Abernathy (1989). 


Routine discharges from oil and gas operations can be divided into those that occur 
during exploratory and developmental operations (drilling fluids and formation cuttings), 
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and those that occur during production operations (produced water). Other routinely 
discharged wastes, such as deck drainage, domestic and sanitary wastes, cooling water, 
and desalinization brine, are generated by personnel on the drilling rig or platform 
during both phases of operations. 


The first section of the chapter describes the various types of routine discharges and 
summarizes what is known about their fate in the marine environment. The second 
section reviews studies of biological effects and evaluates them in relation to South 
Florida biological communities and resources. 


DESCRIPTION AND FATE OF ROUTINE DISCHARGES 
Drilling Fluids 


Drilling fluids (also known as drilling muds) are generally water-based, thixotropic, 
colloidal suspensions used during rotary drilling to perform several functions integral to 
the drilling process. Functions include cooling and lubricating the drill bit and string, 
transporting formation cuttings to the surface, balancing subsurface and formation 
pressure, and controlling fluid movement across the borchole wall (EPA 1985, 
Abernathy 1989). Drilling personnel constantly monitor the characteristics of the 
drilling fluid during drilling, alicring its composition as needed to meet downhole 
conditions. Barite (barium sulfatc) is often added to increase density, bentonite clay is 
added to increase viscosity, and other componenis are added to control fluid loss, 
corrosion, pH, etc. In shallow wells (<1,500 m penetration), drilling fluid composition 
can be simple. In deeper wells, high temperatures, pressures, friction, and other 
problems require a more complicated fluid. 


Drilling fluids are classified as cither water-based or oil-basce, depending on their 
principal liquid phase component. We limit our discussion to water-based drilling fluids, 
because these are the fluids that are primarily used in outer continental shelf (OCS) 
wells, and they are the only ones permitted to be discharged on the OCS. Also, for this 
discussion, drilling fluid components and the formation solids (cuttings) are treated 


separately. 


Despite the large number of trade-name drilling fluid additives, drilling fluids are 
formulated from only about 55 different chemical compounds; only 10 to 15 of these 
compounds are used in a typical well. The combination of additives and the chemical 
and physical interactions within the hole make each drilling fluid somewhat unique. 
Boothe and Presley (1985) compiled a detailed, comprehensive listing of the components 
in drilling fluids (Table 13.1). data in Table 13.1 were compiled from actual mud 
logs provided by the companies that drilled cach well. Barite (barium sulfate), clay, and 
chromium-containing materials are the three major components (by weight) in drilling 
fluids. The barite data in Table 13.1 exhibit a strong positive correlation (r = 0.92, 

p <0.01) with average well depth. That is, deeper wells require disproportionatcly 
heavier drilling fluids (i.e., more barite) to balance the increased formation pressures. 


After the drilling fluid has circulated through the well and has returned to the 
surface, it passes through solids control equipment. The solids control equipment 
removes formation solids (cuttings), which are discharged continuously to the ocean 
whenever drilling is in progress. We discuss the fate of the discharged cuttings in the 
next section. After passing through the solids control equipment, the drilling fluid 
returns to the mud tanks for recirculation. At this point, intermittent, bulk discharges 
may be required. These discharges are made to maintain important fluid properties, to 
change the type of drilling fluid, or to dispose of the entire drilling fluid system at the 
end of drilling. Such intermittent, bulk discharges usually occur every 1 to 3 d during 
Grilling and the volumes vary greatly (15,000 to 150,000 L) depending on the stage of 
drilling (NRC 1983). 


Detailed summary of drilling fluid components used in drilling 49 wells in the northwestem Gulf of Mexico between 1970 and 1980 (From: Boothe and Presley 1985) 
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well designation: 
Native barton Suitene 


(be80,). Tress names mendes 


Native clay minerais. Trade names include imco Klay, imco Gel, Zeogel, Mil-Gel. 
Primarily chrome (ane ferro-chrome) lignosulfonates and chrome lignite. Trade names include O-Broxin, Spersene, XP-20, UniCal, imco VC 10, CLCLS. Some sodium chromate (Na,CrO,) generic 


Trade names include Soltex, EZ 
Trade names inciude Miichem 
pe ne Stearate ee (CH ygCOOI A 


imco Bar, Mil-Bar. Function 


and pH control additive. 
. Generic compounds. Function: calcium remover (primary) and alkalinity and pH Control adaitive (secondary) 

: alkalinity and pH control additive. 

4). Sodium tetraphosphate (Na,P 0,4) and sodium acid pyrophosphate (Na_,H,P,0,). Trade names include imco phos SAPP, SAPP. Magco-phos  Functio 


Sodium (NaCl) or calcium chioride yoride (CaCl). Function’ emulsion stabilizer. 
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Production (P); Shatiow (S). Deep (0) water. 
> weighting material. 
Function: viscofiers. 


Function: lost circulation material. 
imco fyber, Dick's mud seal. Function: lost circulation material 


dispersant, 
Lgco, imco Lig. Tannathin, imco RD-111. Function: thinner and dispersant, filtrate reducer 
compounds. : alkalinity 
),) and sodium bicarbonate (NaHCO, ), r 
includes sodium phosphate (NaH 


and dispersant, calcium remover. 
Trade names include Diaseal M, imco myca, Kwik seal, Phenoseal, imco flakes. 
in fine, medium, and coarse grades. Trade names include Nut plug, imco plug, 
Also includes starch materiais. Trade names include Mii CMC, Cellex, imco loid, M4 starch, Drispac. Function: filtrate reducer 
imco spot, Clean spot, Super drill, imco ken-K concentrate. Function: to create a homogeneous mixture of two dissimilar lquids 
imco SWS, HME. NNE, OMS, Surfio 633. Function: to reduce interfacial tension between contactive water/oil, water/solid, and water/ar surfaces 
Generic compound. includes some other material (e.g, imco foamban). Function: to reduce foaming action in drilling fuids 

includes petroleum-based well as mechanical lubricants such as glass beads and graphite. Trade names include imco tubrikieen, DLC, Lubragiide, Torg trim, Lubra beads, Bit tube 1 

Function: friction reduatien, freeing stuck Grill pipe. 


— material. Function: thinner and dispersant, lubricant. Used to convert to oll base drilling fluid system for some wells. Not discharged 
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from development wells. Drilling fluid components constitute 
this amount (NRC 1983). Table 13.2 gives several estimates of the 


wells in three different U.S. OCS areas. There is an approximately two-fold range in 
mean total solids and chromium discharged per well, but a much narrower range in 
mean barium discharged. The fact that smaller discharges are made from the shallower 
development and production wells in the Gulf of Mexico explains most of the variation 
(NRC 1983). EG&G Environmental Consultants (1982) made the best estimate of total 
trace metals discharged from a well during the Mid-Atlantic Block 684 monitoring 


When bulk discharges of drilling fluids occur, two plumes are typically formed: 
a main or lower plume, and an upper plume. Most of the discharged material forms 
the lower plume, which descends rapidly to the seafloor near the well site. The distance 
from the discharge point (within m for most OCS sites with water depths <80 m) 
depends on water depth, lateral transport, particle size distribution, and density of 
material. In addition, turbulent mixing of the lower plume with seawater causes 
formation of a visible or upper plume. The fraction of the total discharge that breaks 
away from the main plume to form this upper plume is generally <10%. In deeper 
water (>80 m depending on site conditions), the lower plume will stop sinking (reach 
neutral buoyancy) before encountering the seafloor. The contents of the upper plume 
are diluted significantly within a few hundred meters of the discharge point and rapidly 
transported away by ambient ocean currents (NRC 1983). 


The fate of lower plume material after initial deposition on the seafloor depends on 
environmental factors such as water depth and hydrographic regime. These factors 
govern sediment resuspension, transport, dispersion, and burial in the sediment column. 
The dominant components of the lower plume are barite and bentonite clays (average 
90% dry weight of the drilling fluid components used, see Table 13.1). The lower 
plume material is transported over time beyond the initial deposition point near the 
well site, ing On resuspension by waves and currents (NRC 1983; Boothe and 
Presley 1985). Barium has proved to be an excellent tracer of the settleable (lower 
plume) drilling fluid components. It is the major component in drilling fluids (up to 
47% dry weight) and exhibits low background concentrations in uncontaminated marine 
sediment (¢.g., <50 ppm in carbonate rich sediments typical of the study area--see 
Chapter 3). Drilling fluids are the major anthropogenic source of barium in OCS 
waters. 


Boothe and Presley (1985) conducted a study in the northern Gulf of Mexico in 
1980 to determine barium and trace element levels in sediments within 500 m of 
exploratory, development, and — well sites. These wells were located in both 
Shallow (<34 m) and deep (>76 m) water. Surface and subsurface sampling density was 
sufficient to permit an accurate, three-dimensional mass balance of discharged barium 
(in excess of background sediment barium concentrations) to be calculated. Table 13.4 
summarizes the barium mass balance data from the study. These data clearly show that 
only a small fraction of the total barium used (i.¢., <1.5% nearshore, <12% offshore) is 
present in near-site sediments. Multiple regression analysis of the data suggested that 
water depth (as an indicator of the magnitude of sediment resuspension and transport) 
largely controlled the retention of barium in the sediments near the sites. Also, the 
process of barium transport beyond 500 m was rapid because the percentage of total 
used barium that was present in the near-site sediments was independent of the length 
of time between cessation of drilling and sediment sampling. 
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Table 13.2. Average discharges of particulate solids, barium, and chromium from 
outer continental shelf wells (From: National Research Council 1983). 
All weights in metric tons. 


GOM Georges Bank 
GOM* Frve Mid-Atlantic Eight 

Description — —- — Exploratory GOM 

of Discharge Wells 49 Wells 
Well depth (m) 5,486 3,329 4,970 4,900 3,121 

Total solids 1,140 - 2,160 1.2204 5984 
Barite - 600 752 715 492 

Barium§ - 312 391 372 256 

Chrome 

lignosulfonate - 20 45 26 10 

Chromium4 - 06 13 08 03 

GOM = of Mexico 


Table 13.3. Estimated maximum quantity of trace metals discharged from an 
explorator; well drilled in 1979 off the coast of New Jersey (From: 
EG&G Environmental Consultants 1982). 


Solids Control Drilling Fluid Total Metal 

Equipment Discharges Discharges Discharged 
Metal (kg) (kg) (kg) 
Cr 78 1,300 1,378 
Cd <2 <3 <5 
Pb 12 21 33 
Hg 2 3 5 
Ni 29 27 56 
17 41 58 
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Table 13.4. Mass balance of total discharged (excess) barium retained in sediments surrounding offshore drill sites 
(Modified from: Boothe and Presley 1985). 


Totel Berium Mean Totel Excess 
Used (T8U) BAEKAC jum (TEB) in Sediments Percent of TU 
Water in Drilling 0-500 = (10° kg) within Redius (m)** within Redius (m) 
Depth Mode of Actiyities Redi 

Drill Site* Type+ (m) Discherge§ (10° kg) (g/e 4 500 1000 2000 3000 500 1000 2000 3000 
West Cameron 

2% es 13 Surface 2,4% 25.8 20.3 . - 131 0.& - . 5.4 
Vermilion 

381 ED 102 Surface 229 28.0 22.0 - - 193 9.6 - - &.0 
Matagorda 

686 os 29 Sur fece 2,3% 27.5 21.6 - - 131 0.93 : - 5.6 
High Island 

A-%41 00 76 Surfece 1,518 173.0 136.0 . . 1,093 9.0 . : 72.0 
Brazos 

A-1 PS 34 Surfece 1,061 19.2 15.1 . . 70 1.5 . - 6.7 
Vermilion 

321 PO 79 Surfece 4, 964 759.0 596.0 . : 2,330 12.0 - . 47.0 
High Islend 

A-502 ED 55 Shunted 127 8.8 6.9 21 . - 5.4 16.5 
Musteng Islend 

A-65 ED 7S Shunted 820 14.0 11.0 31 - - 1.3 3.8 
High Island 

A-367 ED 9 Sur fece 574 12.7 10.0 19 46 90 1.7 3.4 8.1 16.0 
High Islend 

A-384 i 3*) 112 Shunted 396 143.0 117.0 129 161 . 30.0 33.0 41.0 
High Islend 

A-389 2+) 124 Shunted 618 43.3 %.0 78 : . 5.5 12.6 
Mid-Atlantic 

(18-3) 684 ia") 120 Surface 443 8.2 6.4 16 42 86 1.5 3.7 9.5 19.0 


* All sites ere in the northwest or north centrel Gulf of Mexico except Mid-Atlantic 684, which is off the coast of Hew Jersey. 
Exploratory (E), development (0), or production (P) in shallow (S$) or deep (0) water. 
Shunted discharge pipes were located within 10 to 15 m of the seafloor. 
9 Mean totel excess berium in the sediment column ereal concentration (BAEXAC) within # 500-m radius of the drill site = 
(500)”. 


Te 2 pi 

we Ait 98g date for the first six sites were estimated using the procedure described in Boothe end Presiey (1985). for the remining 
six sites, ell TEB ere based on actual samples. However, to avoid underestimating TER beyor 500 m, which eguid result frome 
combination of low sample density and patchy distribution of excess Be, « minimm BAEXAC value of 1.5-3 g/cm” wes used for the 
area where BAEXAC was calculated to be zero. 
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The long-term fate of the lower plume particulates, once transporicd beyond the 
immediate vicinity of the drill site, is unknown. Bentonite clays presumably are 
transported and dispersed until they reach arcas of net sediment accumulation (sediment 
sinks). Uniess unusual current conditions (i.c., those caused by hurricanes ur other 
sircng sworms) remove the clays from such sink arcas, they will be buried eventually and 
incorporated into the sediment column. Barite particulaics will be dispersed similarly, 
allowing for bariie’s greater density compared with clay. However, because scawatcr is 
undersaturatcd with respect to barite, some amount of dissolution of this phase should 
occur between discharge and cventual burial (NRC 1983). Boothe and James (1985) 
analyzed surface and subsurface sediment sampics from more than 80 stations (>300 
analyses) across the Texas-Louisiana continental shelf for barium. Surface and sub- 
surface sedimeni barium enrichments (above natural background levels) were consistently 
much smaller (i.c., averaging <160 ppm) than would be expected (i.c., >2,500 ppm in 
the upper 4 cm) if all discharged drilling fluid barium had been retained in the study 
area. Some combination of large-scale dissolution and off-shelf transport of fine 
sediments is the most likely explanation for the low retention of discharged barium in 
shelf sediments (Boothe and James 1985). Other drilling fluid components also would 
be expected to become incorporated to varying degrees in the sediment column over a 
wide area from the discharge point. 


The location of a well site in restricted versus unrestricted waters will largely 
determine the fate of any future drilling fluid discharges in the study arca. The South 
Florida continental shelf is the dominant geographic feature within the study arca, which 
also includes a portion of the Southwest Florida shelf to the north. The South Florida 
shelf margin is the only areca of the continental U.S., and one of the few areas in the 
world where shallow-water (gencrally <12 m water depth), marine carbonate sediments 
are actively being deposited on a large scale. Natural subdivisions of the South Florida 
shelf are the restricted inaer shelf (Florida Bay), the slightly restricted inner shelf 
margin (Hawk Channel), the oute oclf margin where circulation and turbulence are 
maximum, and the shallow slope s.award of the shelf break. The Florida Keys, a 
gradually arching chain of islands extending southward from Soldiers Key south of 
Miami Beach to the Dry Tortugas, form the border between Florida Bay and Hawk 
Channel (see Chapter 2). The division between the inner and outer shelf is the Florida 
Reef Tract, a continuous band of coral reefs 4.8 to 11.3 km (2.6 to 6 ami) offshore, 
bordering the Straits of Florida and the Atlantic Ocean (Enos and Perkins 1977). 


In the open, unrestricted, continental shelf waters of the study area, the fate of 
discharged drilling Muids should be similar to that described above for the 
Texas-Louisiana continental shelf in the northern Gulf of Mexico. Such open-shelf 
waters include those of the West Florida shelf and those of the Straits of Florida, 
including both the outer shelf margin and the shallow slope scaward of the shelf break. 
In these areas with significant circulation and turbulence, drilling Muid particulates, 
initially deposited on the seafloor in the immediate vicinity of the drill site, will be 
rapidly (time scale of months to a few years) dispersed over a wide arca. The sediments 
im these areas are generally bare sand with <10% fine-grained material (fines) 

(<62 ym). Strong currents have winnowed the fines away and dispersed them to 
sediment sinks, generally in deeper continental slope waters. The expected increases in 
sediment concentrations of barium, clay, and other drilling fluid components should be 
small. However, because the natural background levels of these materials are very low, 
any increase should be casily observed, especially if both the bulk and fine fractions of 
the sediment are analyzed. Also, the retention of discharged barium, and other similarly 
behaving drilling fluid components, in sediments near the well site should be small (ic. 
=1% nearshore, and 10 to 15% offshore). 
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However, in the restricted waters of the inncr shelf (c.g, Florida Bay and Hawk 
Channcl), the dispersion of discharged drilling Muids would be limited. Florida Bay ts 
an embayment of the Gulf of Mexice. with an extensive actwork of carbonate mudbanks 
and vast scagrass beds. Scmi-restricted circulation with modcratcly turbid waicr and 
thick seagrass cover charactcrizes the inncr shelf margin (Hawk Channel). Hawk 
Channel sediments are the muddicst of the entire shelf margin (10 to SO? fines), and 
those of Florida Bay are muddicr still. Sediment transport is probably at a minimum 
on the featureless, level, scagrass-covered muddy bottoms of the inncr shelf margin 
(Hawk Channel). Once sediment is deposited in the scagrass baffle (sink), it is 
reworked little except by organisms. Also, the inner shelf has the lowest sedimentation 
ratcs in the arca, with accumulation rates (c.g., 0.18 m/1,000 yee.s) <20% of those on 
the outer shelf. The average sediment thickness on the outer shelf margin is 3 tw 5 
times that on the inner shelf margin (Enos and Perkins 1977). 


Under these conditions, drilling Muid discharges on the inner shelf would tend to 
accumulate in scdiment sinks near the well site. There, they would reach much higher 
concentrations than in more open areas. As described by Shinn (1988), during stormy 
periods, the water throughout ihe Florida Reef Tract can become turbid from suspended 
lime mud. When quict conditions return, this mud scttles out everywhere bul remains 
only in sediment sink arcas. Mud may settle on the reef when the sca is cxiremcly 
calm, but the prevailing winds and wave action, quickly resuspend and transport it 
elsewhere. If the mud settles in deeper, quicter areas such as Hawk Channel, it is likely 
to be trapped and bound there by extensive meadows of turtle grass. Mud is as much 
as 6 m thick in some arcas of Hawk Channel. During storms, some of this mud is 
resuspended, only to be deposited eventually in yet another sink. The sink, other than 
the depths beneath the Gulf Stream, is within the reef itself, where the mud filters down 
into the reef framework. 


Cuttings 


Cuttings are small pieces of the subsurface formation that result from the chipping 
and crushing action of the drilling bit. They range in size from a few micrometers up 
to several centimeters. A primary function of the circulating drilling fluids is to carry 
cuttings away from the drilling bit to the surface for disposal. The amount, size, and 
composition of drilled solids in the drilling Muid affect the rheological properties and 
penetration rate of drilling fluids. The drilled solids also adversely affect pipe and 
equipment wear, cause damage to producing formations, and affect the cost of the well. 
The continuous removal of these solids is essential to a successful drilling fluid system 
(Imco Services 1978). 


Mechanical solids control equipment, consisting of shale shakers and hydrocyclone 
desanders, desiliers, and mud cleaners, is the primary means of avoiding buildup of 
drilled solids in the drilling fluid. The function of the solids control equipment is to 
remove the cuttings from the crilling fluid without also removing uneconomically large 
amounts of important drilling Nuid components such as barite. Since 97% of barite is 
by American Petroleum Institute specifications <74 um (200 mesh), most of the 
removed solids are sand-sized or larger (i.c., >74 yam). Cuttings are discharged 
continuously while drilling is in progress, and up to 1,000 metric tons of cuttings are 
discharged from cach well (NRC 1983). 


Because of their generally larger size, discharged cuttings settle rapidly near the well 
site. Soluble and particulate drilling fluid additives adhering to the cuttings are to some 


extent washed off as the larger particles settle through the water column. However, 
significant amounts of fluid additives can remain on the cuttings (NRC 1983). Boothe 
and Presley (1985) speculated that much of the barium retained in sediment within 
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500 m of drill sites represented barite adhering to cuttings that were tco large to be 
transported away. 


The fate of discharged cuttings in the study area would be similar to that discussed 
above for discharged drilling fluids. In the restricted waters of Florida Bay, the Florida 
Keys, and Florida Reef Tract, the cuttings should become part of the sediment column 
very near any well site. However, in the unrestricted waters of the West and South 
Florida shelves, the cuttings, because of their larger size, would tend to be dispersed less 
widely from the point of discharge. During their survey of previous well sites near the 
Marquesas Keys and off the west coast of Florida, Shinn et al. (1989) noted the absence 
of cuttings piles around drill sites, but they did detect cuttings in the sediment column 
after microscopic examination of sediments. 


Produced Water and Underwater Gas Discharges 


Two types of routine discharges (produced water and natural gas) can be considered 
byproducts of oil and gas production operations. These discharges could occur if 
commercially recoverable quantities of hydrocarbons were discovered and developed in 
the study area. 


Variable amounts of produced water (also called formation water, or brine) coexist 
with petroleum in subsurface geologic reservoirs. Some produced water accompanies 
any gas or oil removed from the reservoirs. The amount of such water produced with 
petroleum varies considerably, depending on the oil-bearing formation and age of the 
well. New wells may produce almost no water, while old ones often produce more than 
90% water (Collins 1975). The volume of produced brines varies with well location, 
field characteristics, and production methods. Offshore oil production platforms may 
discharge up to 1.5 million liters of produced water per day (Neff 1987). Gas-producing 
wells coproduce much smaller volumes of formation waters than do oil-producing wells. 


Although the composition of produced water is similar to that of seawater, charac- 
teristic differences include elevated salinity and altered ion ratios; elevated temperature, 
low dissolved oxygen; increased biochemical oxygen demand; and contamination with 
petroleum hydrocarbons, other organic compounds, trace metals, and radionuclides 
(Rose and Ward 1981; EPA 1985; Neff 1987). 


The trace element composition of produced water varies considerably and can be 
difficult to determine accurately. Neff et al. (1989b) performed the most complete 
chemical analyses of produced water. They analyzed produced water samples from two 
sites in Louisiana in detail. Salinities of the produced water samples ranged from 143 
to 220 ppt. A number of organic compounds, including priority pollutants, were found. 
Total organic concentrations (including volatile organics and polycyclic aromatic 
hydrocarbons) were about 8 to 19 mg/L at the two sites. The most abundant of the 
analyzed metals were barium, lead, and zinc. These metals were present in concentra- 
tions three orders of magnitude greater than generally found in seawater. 


Radium concentrations are higher in subsurface brines than in other natural watets 
(Kraemer and Reid 1984). Based on the salinity values, Neff et al. (1989b) concluded 
that the produced waters they analyzed contained less radium than would be expected 
from the data of Kraemer and Reid. Despite the elevated levels of radionuclides in 
produced waters relative to seawater, it is likely that the rapid dilution of the waters 
when discharged precludes significant accumulation in ambient biota or sediment. 
However, the authors are not aware of any study that has investigated the fate of 
discharged radionuclides and confirmed the hypothesis of no accumulation. 
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Upon discharge, produced water should behave like the upper (buoyant) plume 
formed during drilling fluid bulk discharges. As discussed above, this plume is rapidly 
(<1 h) diluted by ambient currents. Dilution ratios of more than a million-fold have 
Seen observed within a few hundred meters of the discharge point (NRC 1983). This 
has been tested by a large environmental monitoring study conducted by the Department 
of Energy (DOE) from 1978 to 1985. Formation waters (brine) from the Strategic 
Petroleum Reserve (SPR) were discharged through large offshore diffusers at sites on 
the Texas and Louisiana continental shelf. The purpose of this DOE study was to 
assess the environmental impact of this disposal. Water column, sediment, and or- 
ganism samples were taken regularly at both the West Hackberry (offshore Cameron, 
LA) and the Bryan Mound (offshore Freeport, TX) sites. Analysis of these samples 
showed that dilution of the brine was so rapid that enhanced salinity levels were only 
observed in the immediate vicinity of the diffuser. Based on comparisons to control 
sites, brine disposal did not appear to have any significant influence on trace element 
levels in the water column, sedinient, or biota in the vicinity of the diffuser (Hann et al. 
1985). 


Based on the above discussion, produced water discharged into open waters in the 
Study area should be diluted rapidly by local currents. Components of the brine should 
not accumulate in ambient biota or sediment. This conclusion is certainly valid for 
unrestricted South Florida waters, which have current regimes similar to those of the 
two DOE/SPR study sites. In the more restricted waters of Florida Bay and Hawk 
Channel, the flushing rate may be sufficient to prevent any persistent increases in brine 
components in the surrounding environment. 


During offshore production operations, pressure decreases that occur during oil 
recovery cause the release from solution of gas associated with oil in formation reser- 
voirs. This gas is sometimes burned off (flared) and sometimes released underwater 
(vented). Brooks et al. (1977) examined the effects of underwater gas venting on water 
column hydrocarbon concentrations on the northwestern Gulf of Mexico continental 
shelf. They used continuous extraction of dissolved gases from solution followed by gas 
chromatography (hydrocarbon “sniffing") to determine the hydrocarbon concentrations. 
Light hydrocarbons (C, to C,) were generally associated with this gas, but longer chain 
hydrocarbons (up to C,.) were also observed. The investigators concluded that spatial 
surface distributions of low-molecular-weight hydrocarbons on the Louisiana shelf were 
largely controlled by proximity to production platforms. These discharges can therefore 
serve as a source for low-molecular-weight hydrocarbons from production facilities. The 
investigators also observed that the underwater venting of associated gas was responsible 
for some overturning of the water column. 


Deck Drainage, Domestic and Sanitary Wastes, Cooling Water, 
Desalinization Brine, and Other Miscellar:zous Wastes 


Several other discharges occur routinely during oil and gas operations. These 
include discharges of deck drainage, domestic and sanitary wastes, cooling water, and 
desalinization brine. 


Deck drainage comprises all effluents resulting from platform washings, deck 
washings, and runoff from curbs, gutters, and drains including drip pans and work areas 
(Abernathy 1989). A typical offshore drilling rig is equipped with pans to collect deck 
and drilling floor drainage (EPA 1985). Oil and grease are the primary concern from 
contaminated deck drainage. This drainage is collected by a separate drainage system 
and treated for solid removal and oil/water separation; the separated oil is held for 
onshore disposal (Abernathy 1989). 
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The largest volumes of domestic and sanitary wastes are generated during the 
drilling phase of oil and gas production when manpower needs are highest (EPA 1985). 
Domestic wastes consist of fresh water used for cooking, drinking, and washing (e.g., 
discharges from sinks, showers, and laundry facilities), and are treated before discharge 
(Abernathy 1989). EPA regulations cover discharges of sanitary wastes (Abernathy 
1989). Pollutant concentrations in sanitary effluents cannot exceed the regulatory 
criteria. The minimum chloride residue must be of 1.0 ppm, and chloride residue must 
be maintained as close as possible to this concentration to limit production of quantities 
of chlorinated compounds. Discharges of this sort are rapidly diluted and dispersed in 
the receiving waters; suspended solids (organic materials) and biochemical oxygen 
demand may increase very near the discharge point (Abernathy 1989). 


Discharged cooling water may create a local elevation in temperature of the 
receiving waters because its temperature can be slightly higher than that of the ambient 
seawater. Similarly, brine produced during desalinization may locally affect salinity. 
Changes in the receiving waters are probably minor and localized immediately near the 
discharge because the volume of these discharges is low and rapidly dispersed. 


Some miscellaneous wastes discarded from offshore petroleum drilling platforms can 
have definite local effects on sediment trace element levels. For example, welding rods 
and other similar metallic debris have been observed in sediments surrounding drilling 
platforms. Such debris is a likely explanation for the occasional “outlier” sediment 
samples observed in many rig monitoring studies. Such sediment samples have levels of 
zinc and other trace elements that are much higher than those in any neighboring 
samples. 


EFFECTS OF ROUTINE DISCHARGES 


Discharges occurring during drilling and production operations could affect South 
Florida biota in various ways. These effects generally have either a physical or a 
chemical mode. As discussed above, major discharges occurring during exploratory and 
development drilling are drilling fluids and cuttings. Produced waters are routinely 
discharged during production operations. Other discharges, such as deck drainage, 
domestic and sanitary wastes, cooling water, and desalinization brine are also of concern. 


Toxicity 
Drilling Fluids 


Reviewers of results from laboratory bioassays performed to determine toxicity of 
used drilling fluids and drilling fluid components (NRC 1983; Petrazzuolo 1983; EPA 
1985; Neff 1987) have generally agreed that drilling fluids discharged into the marine 
environment have little potential for acute toxicity to marine organisms. This con- 
clusion is based on two factors. First, bioassay results indicate that used drilling fluids 
are non-toxic (LCg, >100,000 ppm) or practically non-toxic (LCgg between 10,000 and 
100,000 ppm) (LCg, is the concentration of used drilling fluid that kills 50% of the test 
Organisms in a bioassay, generally conducted for 96 h). Second, dispersion, particularly 
in the open ocean, is sufficient to reduce concentrations of discharged drilling fluids by 
factors of 1,000 to 10,000 within short distances of the discharge point. 


The NRC (1983) concluded that biological effects of drilling discharges are restrict- 
ed primarily to the benthos. They pointed out that exposure during laboratory bioassays 
is usually continuous for 96 h. Discharges of large quantities of used drilling fluids do 
not occur continuously during drilling, so field exposures are commonly <96 h for many 
biotic components of an ecosystem (e.g., water column assemblages); laboratory bio- 
assays are therefore somewhat unrealistic as models of exposure in the field because 
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concentrations used in the laboratory often exceed those observed from actual dis- 
charges, with the possible exception of the region located very near the discharge point. 
However, these reviewers qualify their conclusions with respect to specific environments, 
e.g., Shallow, low-energy environments where persistent exposure may Occur, as com- 
pared with open-water environments. 


Petrazzuolo (1983) attempted to relate laboratory bioassay results to the field, using 
the model of water column dispersion developed for discharge drilling effluents by 
Auble et al. (1982). Assuming a 15 cm/s current, dispersion of 10* would be expected 
to occur within 100 m of the discharge; assuming a 150 cm/s current, a similar level of 
dispersion would occur 1,000 m downcurrent of a discharge. In his hazard assessment 
for effects in the water column, Petrazzuolo’s analysis indicated that concentrations 
equivalent to 100% of the LCg, values for all tested drilling fluids and species would be 
attained within 11.1 min (or about 100 m assuming a 15 cm/s current). Petrazzuolo 
assumed that chronic effects would occur at concentrations of roughly 1% of the 
laboratory-measured LC,,s. The results of this analysis indicated that the chronic 
criteria (1% of LC.4) would be attained within 2,200 m of the discharge. Based on his 
review and analysis of community-level effects, Petrazzuolo surmised that drilling effluent 
discharges from exploratory activities would affect the composition of benthic com- 
munities in the near-field (300 m); these effects may be induced by chemically and/or 
physically mediated means. Effects would generally be restricted to decreases in 
abundances, and community structure also might be affected as a result. 


Neff (1987) concluded that discharged drilling fluids are generally not acutely toxic 
to marine organisms. Ninety percent of 72 drilling fluids tested using 62 marine species 
were considered practically non-toxic (LCg, >10,000 ppm). The results Neff reviewed 
were over a broad taxonomic spectrum of organisms. Larval, juvenile, and molting crus- 
taceans were thought to be more sensitive to drilling fluids than most other life stages 
and species. Based on field studies of dispersions of drilling fluid discharges 
(Figure 13.1), the dilution of discharged drilling fluids is often 1,000-fold within 1 to 
3 m of the discharge point; low concentrations would be expected 1,000 to 2,000 m 
downcurrent within 2 to 3 h. 


Neff (1987) also concluded that most of the major ingredients of drilling fluids have 
low toxicity to marine organisms. Barite and bentonite clays are practically inert 
toxicologically, only chrome or ferrochrome lignosulfonate and sodium hydroxide are 
considered moderately toxic. The effects of sodium hydroxide, which alters pH, are 
temporary and localized because of the buffering capacity of seawater. Chromium in 
discharged drilling fluids occurs almost exclusively as the trivalent form and is tightly 
associated with lignosulfonate-clay complexes (NRC 1983; Neff 1987). Trivalent 
chromium salts have low solubilities in seawater and have low toxicity (NRC 1983). 
Hexavalent chromium has been shown to be toxic to grass shrimp, but the toxicity was 
reduced with increasing salinity (Rao { al. 1985). 


Diesel fuel, which is sometimes added as a lubricant to drilling fluids, severely 
increases its toxicity (EPA 1985; Neff 1987). Positive correlations between dicsel 
concentrations in drilling fluid and the toxicity of the drilling fluid have been observed. 
Breteler et al. (1985) investigated changes in acute toxicity of a non-toxic generic drilling 
fluid resulting from additions of mineral oil, and low-sulfur and high-sulfur dicsel oil. 
The test organisms were the clam Mya arenaria, the sandworm Nereis virens, and grass 
shrimp Palaemonetes spp. (P. pugio and P. vulgaris). Toxicity increased with progressive 
additions of mineral oil and diesel oils. Diesel oils were more toxic than mineral oil at 
similar concentrations. Boehm et al. (1989) concluded that, under realistic field 
conditions, a significant amount of added diesel will be volatilized and that transport to 
the sediments is likely a minor process. 
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Figure 13.1. Drilling fluid dispersion as a function of transport time (distance from rig 
divided by current speed) for various areas of the U.S. outer continental 
shelf (From: Neff 1987). Drilling fluids contained from 200,000 to 
1,400,000 mg/L suspended solids before discharge. 
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The Gulf of Mexico General National Pollutant Discharge Elimination System 
(NPDES) Permit issued by the EPA in 1986 prohibited the discharge of drilling fluids 
that contain diesel, except for conditions related to the use and recovery of diesel pills. 
A pill is a volume of oil-based drilling fluid that is pumped down the drill string and up 
the annulus of the borehole to the sticking point. The pill serves to weaken the bond 
between the filter cake on walls of the borehole and the drill string. Recovery involves 
removing the pill proper and 50 barrels of drilling fluid on either side of the pill. 


The EPA’s Industrial Technology Division, the American Petroleum Institute, and 
Gulf of Mexico permittees jointly funded a Diesel Pill Monitoring Program to inves- 
tigate recovery of diesel pills spotted to free stuck pipe (Ayers et al. 1989). Diesel 
recovery was calculated using the difference between the quantity of diesel added to the 
drilling fluid system and the quantity of diesel remaining in the active drilling fluid 
system after two complete circulations following pill recovery. The results of the study 
indicated that mean and median recovery rates for diesel were 76.5% and 83%, respec- 
tively. Bioassay testing indicated that drilling fluid toxicity increased with increasing 
diesel content. 


At present, the Diesel Pill Monitoring Program has been concluded, and drilling 
fluids that contain added diesel cannot be discharged into the receiving marine waters 
(L. Wise, pers. comm. 1990, EPA Region IV, Atlanta). The EPA has proposed new 
regulations concerning discharges of drilling fluids containing diesel oil (40 CFR Part 
435). Comments to these proposed regulations are currently being received and final 
regulations are not expected for some time. The proposed regulations would prohibit 
the discharge of drilling fluids containing diesel in detectable amounts. The EPA 
proposes to regulate diesel at the "best available technology” level to control the 
amounts of individual toxic organic compounds that diesel contains. These compounds 
include benzene, toluene, naphthalene, phenanthrene, fluorene, and phenol. Diesel also 
can contain polynuclear aromatic hydrocarbons such as methylnaphthalene, dimethyl- 
naphthalene, and methylphenathrene. The EPA proposes to use diesel as an indicator 
for the individual toxicants because it is not technologically feasible to define limitations 
for all potentially toxic organic pollutants. 


The issue of chronic and sublethal toxicity of drilling effluents to marine biota has 
also been studied. Such effects could be important if the survival of the organism were 
jeopardized (e.g., if the organism became more susceptible to predation, or had its 
fecundity reduced). Such effects, not detected in acute toxicity bioassays, could, over 
sufficient time, affect community structure. Neff (1987) summarized chronic and 
sublethal responses of marine animals to water-based chrome or ferrochrome ligno- 
sulfonate drilling fluids (Table 13.5). In most of these laboratory studies reviewed by 
Neff, conditions of exposure did not closely simulate conditions that would be expected 
during actual discharges. Either the concentrations were greater in the laboratory than 
during actual discharges, or exposure duration was much longer than would be en- 
countered. Drilling fluids eliciting sublethal responses at very low concentrations (in 
comparison with acutely toxic levels) were those that were heavily treated with chromate 
and diesel oil. 


Derby and Capuzzo (1985) reviewed studies of the physiologic and behavioral effects 
of drilling fluids on marine crustaceans (Table 13.6). Concentrations in the aqueous 
fractions that elicited sublethal effects ranged from 0.1 to 66 g/L drilling fluid over 
exposure periods of 24 to 96 h. Sublethal responses to whole, used drilling fluids 
ranged from 7.7 mg/L to 50 g/L over exposure periods of 3 min to 20 d. The authors 
concluded that much of the toxicity of drilling fluids was associated with the soluble 
fraction; larval, juvenile, and early post-ecdysis adult crustaceans were more sensitive. 
The presence of bactericides and diesel oil in drilling fluids (both now prohibited from 
ocean discharge) influences the degree of toxicity. 
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Table 13.5. Summary of chronic and/or sublethal responses of marine animals to 
water-based chrome or ferrochrome lignosulfonate drilling fluids. The 
lowest exposure concentrations eliciting a response are given (Adapted 


from: Neff 1987). 
Animais Nature and Length of Exposure Responses 
Reef corals 2 mm-12 cm layer for up Polyp retraction; mucus production; expulsion 
(10 species) to 10 h; 1-1,000 ppm of zooxanthellae; depressed respiration, 
suspension for 4-42 d excretion and uptake, photosynthesis 
and growth; altered biochemical 
composition; bacterial infection; death 
Bivaive molluscs 50-33,000 suspension Decreased filtration, byssus thread formation 
(6 species) for 3-100 d NH, excretion, shell growth, condition index 
increased respiration; altered free amino acid 
ratios, behavior 
Crustaceans 7.7-100,000 ppm suspension Decreased chemosensory response; inhibition 
(15 species) for 5 min-42 d; of feeding; altered behavior in larvae and 
1-7 mm layer for up to juveniles; cessation of swimming in larvae; 
4d increased duration of larval and juvenile 
development; decreased or increased enzyme 
activity; gill histopathology, decreased 
long-term larval and juvenile survival 
Polychaete worms 10 ppm suspension for 100 d 33% mortality 
(1 species) 
Echinoderms 10-100,000 ppm suspensions Depressed fertilization; decreased development 
(5 species) for 2 d through duration rate; increased incidence of development 
of larval development anomalies 
Teleost fish 3,800-30,000 ppm for Decreased development rate; depressed 
(3 species) duration of embryo embryonic heart beat; 
development; 7-17 mU/L anomalies; gill histopathology; altered feeding 
for 312 d and avoidance behavior; decreased growth 


Clark and Patrick (1987) examined sublethal effects of four used drilling fluids and 
barite incorporated into sediments on the lancelet Branchiostoma caribaeum. Acute 
toxicities were less than for drilling fluids on mysids in water column exposures. These 
investigators Observed reduced burrowing of lancelets exposed to drilling fluid/sediment 
mixtures. They concluded that a population could be as severely affected by reduced 
burrowing as by acute toxic effects. They felt that exposure to predation could be 
increased; however, concentrations at which this behavioral response was observed would 
Only occur in the immediate vicinity of a discharge point. 


As part of an experiment to study bioaccumulation, food chain transfer, and the 
biological effects of discharged drilling effluent, Neff et al. (1989a) exposed juvenile 
American lobsters (Homarus americanus) and juvenile winter flounder (Pseudo- 
pleuronectes americanus) to contaminated sediments for 99 and 98 d, respectively. The 
settleable fraction of a heavily treated lignosulfonate freshwater drilling fluid was 
obtained from an offshore platform in the Gulf of Mexico. It was mixed with natural, 
fine-sand sediments to obtain a concentration of 9,000 ppm barium. Mortalities of 
juvenile winter flounder were low and did not differ between tanks containing uncon- 
taminated and contaminated sediments. Higher mortalities were observed in juvenile 
lobsters exposed to contaminated sediments. This indicated that juvenile lobsters 
exposed to contaminated sediments were moderately stressed compared with the control 


group. 
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Table 13.6. Sublethal effects of drilling fluids on crustaceans (Adapted from: Neff 


1987). 
a. Exposure 
Species Fraction* ig/) Period Subiethal Effect 
Acartia tonsa A 1 72h Decreased fecundity 
(adults) 
Cancer irroratus a 0.1 96 h Decreased feeding rates 
(larvae) 
Cancer irroratus A 66 96 h increased giucose-6- phosphate 
(adult tissue) dehydrogenase activity 
Homarus americanus w 0.05 96 h Decreased respiration rate. 
(larval stage /) Goeeeees Gy ee 
lana 
Homarus americanus w 0.0077 20 d Decreased food detection 
(juveniles) ability; decreased molting 
frequency 
Homarus americanus w 0.01 35 min interference with chemosensory 
(adults) processes 
Mysidopsis almyra a 35 24h increased respiration rate 
decreased scope for growth 
Onisimus sp Ww 50 15d increased Cr, Cd, Pb, Zn 
(adults) 


Produced Water 


Rapid dilution of discharged produced water with seawater upon discharge precludes 
Significant toxic effects of produced water in the open ocean (Neff 1987). In 
shallow-water areas with restricted circulation, there is a greater potential for biological 
effects. 


Gallaway (1981) reviewed the results of the Buccaneer Gas and Oil Field Study, a 
multidisciplinary investigation of a multi-well producing field off the Texas coast. 
Gallaway concluded that direct effects of produced waters were restricted to within a few 
meters of the outfall. Payne et al. (1987) stated that produced waters are rapidly 
diluted within the immediate vicinity of an ocean outfall; significant increases in water 
concentrations of dissolved and particulate hydrocarbons and trace metals due to 
produced water discharges occur within the initial mixing zone or immediate vicinity of 
the discharge source. Particulate scavenging, advection, evaporation of lower molecular 
weight aliphatics, and additional weathering processes promote rapid removal of 
produced water-associated metals and hydrocarbons. Long-term discharges of produced 
water may result in increases in the sediments in the near field as trace metals and 
hydrocarbons associated with the discharge may be scavenged from the water column 
and subsequently deposited within the sediments near the discharge point. However, it 
should be noted that in shallow-water, low-energy environments where flushing is 
reduced, produced waters have been detected 1,000 m from the discharge point (Boesch 
and Rabalais 1989). 
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Rose and Ward (1981) performed the most extensive laboratory work on the acute 
toxicities of produced water. These investigators determined LC.s of produced water 
from the Buccaneer Gas and Oil Field. Rose and Ward performed bioassays using the 
brown shrimp Penaeus aztecus (larva, subadult, and adult), the white shrimp P. setiferus 
(subadult and adult), the barnacle Balanus tintinnabulum, and the crested blenny 

lus geminatus. LCes were generally over 10,000 ppm produced water, and 
larval brown shrimp tended to be more sensitive than the other species. 


Rose and Ward (1981) also evaluated the potential hazards associated with dis- 
charged formation water to biota around outfalls. They determined the limiting 
permissible concentration over tire, using the results of the bioassays for the most 
sensitive test organism (larval brown shrimp). They compared these results with 
environmental concentrations of produced water in a Lagrangian assessment. The 
Lagrangian assessment was used to evaluate exposures of organisms such as plankton, 
which move with currents; such organisms may be initially exposed to high concentra- 
tions of produced water, but the concentration would be reduced over time due to 
dispersion as the water moves away from the discharge point. These investigators 
concluded that discharged formation water did not represent a potential hazard to 
plankton drifting through the wastewater plume. The investigators also performed an 
Eulerian assessment, using 50 ppm as the limiting permissible concentration (indepen- 
dent of exposure time). An Eulerian assessment was used to evaluate exposures to 
sessile or immobile organisms, i.c., those attached to or living on a substrate, which may 
reside at a fixed distance from the discharge point. From this analysis, they concluded 
that discharged formation water was not a potential hazard to benthic and 
structure-associated organisms living 100 m from the outfall. They felt that the 
potential hazard may only exist in the near vicinity of the discharge point. 


Neff (1987) reviewed the results of acute lethal bioassays of produced water, 
including those of Rose and Ward. He found that 88% of the bioassays indicated that 
produced water is practically non-toxic (> 10,000 ppm). 


Armstrong et al. (1979) studied the effects of brine effluent on the benthic com- 
munity in a restricted embayment (Trinity Bay, TX). The source of the brine was a 
separator platform. The depth of the bay varied from 2 to 3 m, and the outfall was 
1 m from the seafloor. Sediment naphthalene concentrations and numbers of benthic 
infaunal species and individuals were determined. The investigators observed a definite 
correlation between sediment naphthalene concentration and number of species and 
individuals. The seafloor was almost devoid of organisms within 15 m of the outfall, 
and the fauna was severely depressed 150 m away. The investigators estimated that 
concentrations of total naphthalenes must exceed 2 ppm to significantly reduce benthic 
infaunal populations at the Trinity Bay study site. At stations located farther from the 
discharge site (385 to 1,675 m), the infaunal assemblage was enhanced, in terms of 
numbers of individuals and number of species, compared with the reference stations 
located 4,000 to 5,800 m away. The investigators cautioned agains! applying these 
results to offshore production sites because the greater water depths and lower con- 
centrations of suspended sediments in offshore areas would result in a smaller fraction 
of hydrocarbons being deposited in the sediments surrounding an outfail; effects on the 
infauna would be correspondingly reduced. 


Sedimentation, Burial, and Smothering 
Effects of drilling effluent deposition should be localized around the discharge sitc. 


The degree of effect will depend on the quantity of solids discharged, local conditions 
around the discharge site, and the biota inhabiting the vicinity of the discharge site. 
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During offshore drilling operations, discharged drilling fluids and cuttings may 
accumulate in sediments surrounding the well site. Most of the drilling fluids and 
Cullings are deposited on the seafloor near the discharge site. The area of seafloor over 
which this deposition occurs is primarily a function of current velocity and water depth 
(de Margerie 1989). Ayers et al. (1980) estimated that 90% of the solids from a bulk 
discharge of drilling fluids are found in the lower plume, which is the part of the 
discharge that descends immediately to the seafloor. Over time, the lower plume 
material is transported beyond the initial deposition point near the well site, depending 
On resuspension by waves and currents (NRC 1983; Boothe and Presicy 1985). 


In low-energy environments, cuttings piics have been observed. Gillmor et al. 
(1985) reported observing such piles in water depths of about 120 m at their study site 
in the Mid-Atlantic area off New Jersey. Cuttings were observed in a zone of ap- 
proximately 150 m in diameter around the discharge site (Menzie et al. 1980). 
Continental Shelf Associates, Inc. (1989) observed cuttings and drilling fluids on the 
bottom near a discharge site located in a water depth of 50 m offshore the Florida 
Panhandle. Cuttings were seen only within 100 m of the well site. Sediments that 
appeared to be discharged drilling fluid were observed at the drill site. In higher energy 
environments, deposition of discharged cffluents is much reduced, such as near Tanner 
Bank, California (Ray and Meek 1980). 


Depositional effects on biota vary. Barite and bentonite clays, major components of 
drilling fluids, are practically inert toxicologically, but they may cause physical damage to 
Organisms through abrasion or clogging (Neff 1987). Sessile benthic organisms may be 
smothered by rapid accumulation of cuttings near the discharge site (Gettleson 1980). 


Thompson et al. (1989) reported the results of monitoring an exploratory well in 
the Florida Big Bend area. The seagrass Halophila decipiens occurred around the 
discharge site. Complete mortality of the seagrass within 300 m of the discharge site 
was attributed to smothering by discharged drilling effluents. Recovery was observed 
within one year after drilling ceased. However, the passage of Hurricane Elena, which 
destroyed much of the deep seagrass beds in the Florida Big Bend, made interpretation 
of recovery difficult; that is, the degree and rate of recovery from drilling alone could 
not be determined. As part of the same program, Continental Shelf Associates, Inc. 
(1988) observed drastic reductions in coverage of a hard bottom community that 
occurred 25 m from the discharge site. Burial by discharged cuttings was thought to be 
responsible for this reduction. 


Turbidity and Light Reduction 


Turbidity and reduced light can be expected to affect the autotrophic components of 
an ecosystem. In the study area, these include seagrasses, corals (which have symbiotic, 
photosynthetic zooxanthellae), benthic algae, and phytoplankton. Because photosynthetic 
autotrophs are the basis of production in most ecosystems, reductions in production can 
affect higher trophic levels and overall community structure. 


Kendall et al. (1985) studied the effects of turbidity on the metabolic state of the 
staghorn coral (Acropora cervicornis), using in situ rimental chambers. Corals were 
exposed for 24 h to turbidity regimes produced by 50 and 100 ppm suspensions of 
kaolin (clay). The investigators measured calcification rate, protein concentration, and 
free eyo acid (FAA) pool after the 24-h exposure and again after a 48-h recovery 
period in clean seawater. The no-effect concentration for the calcification rate and FAA 
pool was between 50 and 100 ppm kaolin. Protein concentrations remained 

unchanged during both exposure and recovery. Calcification rate returned rapidly to 
control levels during the recovery period, but the reduced FAA pool was slower to 
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respond. Turbidity stress produced considerable change in coral metabolism. Turbidity 
not only decreased photosynthetic activity and the synthesis of small molecules, but also 
caused a large increase in the utilization of stored organic molecules for 

costly such as mucus production and sediment removal. Kendall et al. 
concluded that the metabolic parameters measured may not give a true picture of coral 
Stress and recovery. Complete recovery from turbidity stress may take much longer than 
indicated by a return to control values for the parameters measured. 


Kelly et al. (1987) summarized the results of microcosm experiments on the effects 
of drilling fluids on turtle grass, Thalassia testudinum. The effects of the 
particulate phase of used drilling fluids (which contained diesel) and montmorillonite 
Clay were examined. Exposures were for 10 d at 200 and 1,000 wL/L and 190 d at 
290 uL/L. Results of the montmorillonite clay experiments were mixed, but did indicate 
that Thalassia was physiologically stressed by reduced light conditions, as indicated by 
changes in chlorophyll per unit weight of Thalassia. Comparison of the laboratory 
results with field populations also indicated responses to decreased light. The micro- 
cosm experiments were somewhat unrealistic because continuous exposures probably do 
not occur in the field. 


Thompson et al. (1989) monitored seagrass (Halophila) growth around an 

tory well site in the Florida Big Bend area. They observed complete mortality of 
seagrass within 300 m of the well site, and reductions in numbers of leaves and Icaf 
biomass at stations between 300 and 3,700 m from the discharge site. The reductions 
beyond 300 m were attributed to increased turbidity levels from continuous, low-volume 

of fine-grained cuttings and the presence of the seagrass near its lower depth 

limit (light-limitation boundary). Because only a single reference station was available 
for comparison, the existence of sublethal effects beyond 300 m could not be demon- 
strated conclusively from these data. 


Modification of Benthic Substrates 


Modification of benthic substrates near discharge sites is a potential effect from 
drilling activities in the study area. The presence of particular substrates is, to a large 
extent, responsible for the biota present in an area. For example, the presence of sand 
in an offshore area is a habitat where Halophila beds may be found. Hard bottom 
assemblages depend on the occurrence of appropriate hard substrate. Such was the case 
in the area around the exploratory well monitored in the Florida Big Bend area by 
Continental Shelf Associates, Inc. (1988). Neff (1987) suggested that barite and 
bentonite clays may change substrate type; such changes can inhibit habitation by some 
biota and enhance conditions for others. 


The presence of drilling fluids on and mixed in sediments has been demonstrated, in 
the laboratory, to affect recruitment of benthic organisms. Rubinsicin et al. (1980) 
found that a layer of drilling fluids at high concentrations reduced the number of 
polychaete and moilusc species developing from planktonic larvae in flow-through 
aquaria. Tagatz et al. (1980) studied the effects of drilling Muids on recruitment in 
microcosms intended to simulate field conditions that may occur when drilling fluid 
covers a substratum or mixes with ambient sediments. A sand substratum was layered 
with barite and whole drilling fluids (lignosulfonate type drilling fluid from an active 
drilling rig offshore Louisiana); mixtures of sand and these components were also 
prepared. Contaminated and uncontaminated experimental units were exposed for a 
minimum of seven weeks to unfiltered, flowing seawater, and recruitment was deter- 
mined. The investigators found that layering of the substrate reduced abundances of 
annelids, arthropods, cnidarians, and molluscs, depending on the length of the exposure. 
Mixtures of sediment with drilling fluid and with barite reduced annelid abundance; 
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fluid mixtures reduced cnidarian abundance. The experimental units 
fluid or barite layered over the sand substratum also exhibited reduced 
average numbers of species in comparison with the uncontaminated experimental units. 


size-frequency data the hypothesis for the brittle star Amphioplus macilentus. 
However, the authors not climinate the possible explanation that brittle stars 
emigrated from areas heavily influenced by drilling discharges. 


Clark and Patrick (1987) examined the effects of used drilling fluids and barite 


in 
These results indicate that the sublethal effects observed for the drilling Muid/sediment 
mixtures may have been partially due to a change in the particle size of the substrate. 
The investigators stated that the potential effects would be limited to habitats located 


close to discharge sites. 


Continental Shelf Associates, Inc. et al. (1989) studied the effects of drilling multiple 
(six) production wells at a shallow-water (24 to 26 m) site off the South Texas coast. 
The investigators collected samples to evaluate sediment grain size, trace metal con- 
centrations, and hydrocarbon concentrations, including polynuclear aromatic hydro- 


the discharge site. Barium levels appeared to be elevated above expected 

concentrations over much of the study area. The composition of the macroinfaunal 

. was also different near the outfall, but these differences were not well 

correlated with differences in sediment due to drilling fluids. The presence of rubble 
uced on the platform structure, ¢.g., dead mollusc shells, was primarily responsible 
the presence of surface-dwelling carnivores and other species absent at sampling sites 

farther from the discharge site. 


Tissue Contamination 


Whether organisms accumulate components of discharged drilling effluents is an 
environmental concern, because sufficient concentrations could be harmful to the 
organisms. In addition, contaminants could be passed through the food web and 
accumulated in higher trophic levels. 


Neff et al. (1985) examined potential for bioaccumulation and biomagnification of 


barium and chromium from the settleable portion of used drilling fluids. The study 
Organisms were the sandworm Neanthes virens, the ocean scallop Placopecten 
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magel’anicus, the clams Mercenaria mercenaria and Mya arenaria, the winter flounder 
Pseur opleuronectes americanus, the American lobster Homarus americanus, and the bay 
scallop Argopecten irradians. Experimentai animals were exposed to solid substrate of 
Grilling fluid/sediment mixtures (nominal barium concentrations of 5,000 to 10,000 ppm 
above background). Exposure duration was up ‘o 119 d. Periouic measurements of 
sublethal responses and tissue concentrations of barium and chromium were performed. 
All species except the clam M. mercenaria accumulated barium; four species (sandworms, 
ocean scallops, lobster, and bay scallops) accumulated chromium. After the animals 
were exposed to clean sediments, barium and chromium levels in tissues rapidly returned 
to background. Some sublethal effects were observed--aiterations in biochemical 
composition, depletion of micronutrients, and altered raies of respiration and excretion, 
which indicated mild stress from exposure to settleable fractior However, the stress 
was insufficient to significantly decrease grow. rate and grow » «| iciency of juvenile 
lobsters and flounder. 


, In a set of related experiments, Neff et al. (1985) fed contaminated prey (sandworms 
that had accumuiated barium and chromium from driliing fluid/sediment mixtures) to 
lobsters and winter flounder. The experiments continued over a sufficient period for the 
test Organisms to consume several times their body weight. There was no net accumula- 
tion of barium and chromium in the lobster or flounder fed the contaminated prey. In 
addition, in test organisms exposed to contaminated sediments and fed contaminated 
food, tissue concentrations did not exceed those observed in animals exposed to 
contaminated sediments alone. These investigators concluded that food chain transfer 
and biomagnification of barium and chromium from the settleable fraction of drilling 
fluids did not occur. 


Impure barite (barium sulfate) used in drilling fluids is often contaminated by 
(Keomer ot ah. 190%; Troy ot ah. 1586). The HPA peopeuns iron, lead, mercury, nickel, and zinc 
(Kramer et al. 1980; Trefry et al. 1986). The to regulate the concentra- 
tions of cadmium and mercury in drilling fluid barite (40 CFR Part 435). In response 
to concerns raised regarding the bioavailability of some of these trace metals present in 
impure barite, Neff et al. (1986) used impure barite in an experiment similar to that 
performed by Neff et al. (1985). The metals of major environmental concern were 
arsenic, cadmium, copper, lead, and mercury. The investigators combined clean 
sediments with low-trace-metal barite or high-trace-metal barite to provide a nominal 
barium concentration of 100,000 ppm over background (a level much higher than 
concentrations observed in the field). The test animals were juvenile winter flounder 
Pseudopleuronectes americanus, the grass shrimp Palaemonetes pugio, the sandworm 
Nereis virens, and the clam Mya arenaria. The exposure period was 13 wk, with 
sampling at 1 and 4 wk. The flounder failed to accumulate any of the trace metals 
during the 13-wk exposure period. Clams exhibited a tendency to accumulate small 
amounts of cadmium and lead when exposed to the high-trace-metal barite/sediment 
mixture and, to a lesser extent, when exposed to the low-trace-metal barite/sediment 
mixture. Accumulation of cadmium, copper, and lead in sandworm tissues was observed; 
slight accumulations of lead and mercury were observed for the grass shrimp. Statistical 
analysis revealed that the concentrations of the metals covaried in the tissues of the 
Clams, sandworms, and shrimp, suggesting that much of the apparent accumulation was 
due to unassimilated barite particles in the gut or gills. The investigators concluded 
that metals associated with impure barite were virtually unavailable for bioaccumulation 
and do not represent a potential hazard in the marine environment. 


Continental Shelf Associates, Inc. (1988) studied the effects of exploratory drilling of 
a well in a seagrass bed (Halophila decipiens) in the Florida Big Bend area. As part of 
their program, they examined bioaccumulation in the scagrass. The seagrass accumu- 
lated barium, but not chromium, as a result of drilling discharges. Turkey-wing oysters 
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(Arca zebra) at a site located 25 m from the discharge also accumulated barium; 
however, these organisms were undepurated, and the barium may have been present in 
the gut rather than in the tissucs. 


As part of a monitoring study of exploratory drilling in the Santa Barbara Channcl, 
California, Jenkins et al. (1989) examined the subcellular distributions of barium in four 
species that had different fecding strategies. These infaunal species were the cardit clam 
Cyclocardia ventricosa (a filter feeder), the ice-cream-cone polychacte Pectinana 
californiensis (a deposit feeder), and two nephtyid polychactes, Nephtys ferruginea and N. 
caecoides (actively burrowing deposit feeders). The investigators observed significant 
bioaccumulation in the cardit clam and the ice-cream-cone polychacte. Analysis of the 
subcellular distributions of barium in these organisms revealed that over 97% of the 
metal was in the granular fraction; increases in this fraction were duc to drilling 
activities. However, the investigators pointed out that the quantity of granular barium 
may have been overestimated because these two organisms may have retained some 
barium in the gut and epithelium. They thought that concentrations of soluble barium 
were insufficient to disrupt calcium metabolism of the organisms (barium ions could 
potentially compete with calcium ions for ligands within the cell, if present in sufficient 
quantities). 


Altered Water Temperature, Salinity, and Nutrient Concentrations 


Various water quality parameters such as temperature and salinity could be modified 
by routine discharges. For example, produced waicr is often a hypersaline brine. The 
effect of such changes is likely to be restricted to the immediate vicinity of the discharge 
because dispersion of the discharged maicrial occurs rapidly in open water, similar to 
the brine discharges observed by Hann ct al. (1985). Likewise, discharges of domestic 
waste may serve as a nutrient source. With proper treatment of these wastes prior to 
discharge, effects on water quality also would be restricted to immediatcly near the 


discharge point. 
Potential Effects on South Florida Communities and Resources 


Coral Reefs 


Coral reefs are an important biological component of the South Florida arca. The 
presence of the reefs makes a major contribution to the unique nature of the Florida 
Keys (sce Chapter 4). The corals per se serve as important primary producers for the 
ecosystem, and their intricate, complex framework provides habitat for the multitude of 
Organisms associated with the reefs. The potential effects of routinely discharged 
materials to corals are an important issue because corals are critical to the reef 


ecosystem. 


Thompson and Bright (1977) examined the ability of three species of corals to clear 
their surfaces of four types of sediments. These species of hermatypic corals--Diplonia 
strigosa, Montastraea annularis, and M. cavernosa--ate common on the outer reefs of the 
Florida Keys (Chapter 4). Slurrics of used drilling fluid, barite, bentonite, and calcium 
carbonate were poured over the test organisms at concentrations potentially observed in 
the near vicinity of a discharge site. The corals were able to clear their surfaces of 
barite, bentoniie, and calcium carbonate. None of the corals were able to clear 
themselves of the used whole drilling Muid, a result the investigators attributed to 
chemical toxicity. Although the results indicated that used whole drilling fluids were 
toxic to corals, the investigators noted that severe doses, unrepresentatively high relative 


to expected exposures during actual drilling, were applied. 
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In their review of the effects of drilling fluids on reef corals, Dodge and 
Szmant-Froelich (1985) reported the results of other experiments conducted by 
Thompson. In laboratory experiments, Thompson buried two species of corals in 
carbonate sand and in a used, whole drilling fluid. He attempted to simulate field 
conditions expected in the very near vicinity of a discharge. Thompson found that 
colonies of Montastraea annularis and Porites astreoides buried in carbonate sand for 
periods of 8 and 15 h, respectively, recovered from the stress, although zooxanthellae 
expulsion was observed. Colonies of the two coral species buried similarly in used, 
whole drilling fluid did not survive. In related field experiments, Thompson found that 
natural water movements facilitated sediment removal from colonies of M. annularis. 
This result suggested that natural water movements may be important in reducing 
exposure of corals to detrimental effects of drilling fluids observed in the laboratory. 


Hudson et al. (1982) reported reductions up to 90% in coral coverage within 85 to 
115 m of a drill site located on a Philippine reef. These investigators postulated that 
prolonged smothering by discharged cuttings and associated drilling fluids was respon- 
sible for the reductions. 


Shinn et al. (1989) surveyed seven sites where exploratory drilling had occurred to 
examine the effects of drilling under tropical/subtropical conditions. Six of the wells 
(two wells were located at one site) were drilled in shallow water (4.5 to 23 m) near the 
Marquesas Keys between 1959 and 1962, prior to the enactment of stringent OCS 
environmental regulations. The wells were located in a variety of environments: bare 
sand, seagrass and gorgonians, and coral reefs. Two deepwater (53 and 70 m) wells 
drilled off the West Florida coast in 1981 and 1986 were also surveyed. The inves- 
tigators concluded that observed effects were due to mechanical damage associated with 
placement of the drilling rig and discarded materials. Rig footprints, a pad built from 
pea gravel, discarded cement bags, and iron debris had altered the environments at 
several sites. At the bare sand site, discarded debris formed an artificial reef populated 
by corals, fleshy algae, and reef fishes. The investigators found no indication that 
drilling fluid or cuttings negatively affected the biota in the areas around the well sites. 
The presence of cuttings was detected by microscopic examination of sediment samples. 
Chemical analyses of the sediments for drilling fluid tracers (e.g., barium) were not 
performed. Shinn and colleagues concluded that the effects from exploratory drilling 
operations could easily be avoided because the observed damage was mechanical. 
Placement of rigs on sandy bottoms, even near coral reefs, would eliminate damage, 
provided debris was not discarded from the drilling rig. 


Sublethal responses of corals to drilling fluids have been reported by several 
investigators. White et al. (1985) reported changes in fatty acid metabolism induced by 
exposure to drilling fluids that contained chromium and No. 2 diesel oil. Thompson 
and Bright (1980) observed increased polyp retraction in five species of corals (Acropora 
cervicomis, Agaricia agaricites, Montastraea annularis, Porites astreoides, and P. furcata) 
exposed to a laboratory-formulated drilling fluid at concentrations expected near a 
discharge site (>0.100 mL/L). Powell, Bright, and their colleagues at Texas A&M 
University conducted a series of in situ, sublethal, drilling fluid exposure experiments on 
the staghorn coral A. cervicornis at Carysfort Reef in the Key Largo National Marine 
Sanctuary (Kendall et al. 1983). In a series of experiments using an in situ experimental 
chamber, corals were exposed for 24 h to various concentrations of different drilling 
fluids (25 to 500 ppm). They were then allowed to recover in clean seawater for 48 h. 
The metabolic state of the corals was determined by measuring the calcification rate, 
total soluble tissue protein concentration, and FAA pool. Toxicity of the various 
drilling fluids tested varied considerably. The level of no effect ranged between 5 to 
15 ppm for most drilling fluids for 24-h exposures (Powell et al. 1984a). Zooxanthellae 
loss was observed after 24-h exposure at the 500 ppm level (Kendall et al. 1983), 
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although such loss probably would have been apparent at lower exposure concentrations 
had the experiment been extended. The calcification rate was a much more sensitive 
measure of drilling fluid stress during exposure than were changes in tissue components. 
However, it rapidly returned to control values during the recovery period, even though 
the behavior of the other metabolic parameters (e.g., FAA pool) indicated complete 
coral recovery had not occurred (Kendall et al. 1984). An experiment with equivalent 
concentrations of kaolin (a clay used to produce turbidity) caused no change in protein 
concentration and a much lower drop in calcification rate. This suggested that an 
increase in turbidity alone did not cause the toxic effects observed for drilling fluid. 
Powell et al. (1984b) concluded that the degree of toxicity of drilling fluid could not be 
accurately predicted from 24-h exposure data alone. 


The best means to minimize effects of drilling discharges on corals is to spatially 
separate them from the drilling effluent source. Dodge and Szmant-Froelich (1985) 
pointed out that many of the effects of drilling fluids occur at concentrations of 
0.1 mL/L or greater. Such concentrations of drilling fluid would be expected to occur 
only in the near vicinity of a discharge site in an open-water situation. Cuttings 
deposition is primarily limited to within 100 m of the discharge site. Burial and 
significant sedimentation, which could result in smothering of coral reef assemblages, 
also would be restricted to the near vicinity of a drilling discharge site. Such effects 
would be reduced or eliminated if the discharge site is located a sufficient distance from 
the coral assemblage. More subtle effects may occur as the result of reduced light 
penetrations from increased turbidities. Chronic turbidity would be more likely if 
drilling generates fine-grained cuttings that are continuously discharged. The environ- 
mental consequences of multiple wells from a single site such as during development are 
not well studied. Rapid dispersion of produced water and domestic wastes should insure 
that water-quality changes are limited to the near vicinity of the discharge. Discharges 
in shallow-water areas that have low flushing rates may increase the possibility of effects 
on coral reef biota. 


Shunting (discharging drilling effluents near the seafloor through an extended 
discharge pipe) is a mitigation measure that has been used to protect corals on the 
Flower Garden Banks in the northwestern Gulf of Mexico. Because the corals inhabit 
the crests of banks elevated well above the surrounding seafloor, shunting keeps 
discharges from nearby drilling operations from reaching the corals. In South Florida, 
shunting would not be an appropriate mitigation measure, because the reefs are not 
located on a topographic feature like the Flower Garden Banks. 


Seagrass and Benthic Algal Communities 


Seagrass and benthic algal communities are important components of the South 
Florida continental shelf, and seagrass ecosystems are among the richest, most produc- 
tive coastal ecosystems (Chapter 4). Nearshore seagrass beds, such as Thalassia 
meadows, are highly productive, contributing to grazing and detrital food webs. They 
provide a nursery area for juvenile species and they stabilize the sediment habitat. 


In a series of microcosm experiments, the effects of continuous exposure to various 
concentrations of drilling fluids on a Thalassia community were conducted at the EPA 
Gulf Breeze Laboratory (Morton et al. 1986; Price et al. 1986; Kelly et al. 1987; Morton 
and Montgomery 1989). Most of these experiments were conducted with a drilling fluid 
that contained diesel oil, and exposures were continuous for periods of approximately 
6 wk. The presence of diesel in drilling fluids has been showr to influence the degree 
of drilling fluid toxicities observed in laboratory bioassays (Duke and Parrish 1984). 

The results must be carefully considered because the discharges of diesel-containing 
drilling fluids are now prohibited by the NPDES permit issued for the Gulf of Mexico 
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in 1986 (L. Wise, pers. comm. 1990). As discussed earlier, new regulations proposed by 
the EPA (40 CFR Part 435) also would prohibit discharging drilling fluids and cuttings 
containing detectable quantities of diesel. 


A variety of effects was observed in the seagrass microcosm experiments. Lower 
growth and productivity of Thalassia were observed. Increased chlorophyll a per unit 
biomass indicated physiological adaptation to reduced light levels. Lower decomposition 
rates Of Thalassia leaves suggested effects on nutrient recycling and slowed entrance of 
nourishment into detrital food webs. Abundances of benthic macrofaunal organisms 
associated with the seagrass beds were reduced in microcosms exposed to the drilling 
fluid treatments; these changes were thought to be due to ecotoxicological and 
disturbance-related changes. 


In their study of previous exploratory drill sites, Shinn et al. (1989) surveyed a site 
near the Marquesas Keys where two wells were drilled in 1961 and 1962. A seagrass 
community (Thalassia, Syringodium, and Halodule) inhabited fine-grained sediments, 
seemingly unaffected by the previous drilling operations, except for a pile of pea gravel 
and a pile of hardened cement sacks. This discarded material evidently altered the 
substrate sufficiently to preclude colonization by seagrasses. 


In their study of exploratory drilling in offshore Halophila decipiens beds, Thompson 
et al. (1989) observed smothering of seagrasses within 300 m of the discharge site. They 
also observed reduced production at greater distances, probably because increased 
turbidity reduced light levels in an area where the seagrass was living near its lower 
depth limit. Hurricane Elena, which passed over the drill site during the study, 
disturbed the sediment during the monitoring and stripped the seagrass from the 
substrate. Halophila recolonization was observed during two surveys conducted one and 
two years after drilling, including the area of complete Halophila mortality. 


The best means of protecting seagrass beds from drilling discharge effects is to 
restrict discharges near the beds, particularly climax (Thalassia) beds. Discharges near 
seagrasses would affect the biota in these beds. Smothering and reduced production by 
the plants from increased turbidity may occur if the distance between the discharges and 
the beds is insufficient. Ecotoxicological effects would be limited to the near vicinity of 
the discharge because dispersion occurs rapidly. In areas of poor flushing, the probabil- 
ity of environmental consequences would be greater. Climax Thalassia beds would be 
expected to recover more slowly than offshore beds of the pioneer species Halophila 


Water Column Communities 


The effects of routine discharges would be expected to be limited to the near 
vicinity of the discharge site. Plume observations have indicated that the high mixing 
rates will rapidly reduce concentrations of potential toxicants to levels below those 
observed as detrimental in the laboratory. Alldredge et al. (1986) investigated the 
effects of used drilling fluids at several concentrations (dilutions of 10 to 10”) and a 
number of drilling fluid additives on the productivity of natural assemblages of marine 
phytoplankton in the Santa Barbara Channel (California). Their data indicated that the 
primary production of natural phytoplankton assemblages would not be reduced by 
initial exposure to discharged drilling fluids. In addition, these investigators thought 
that primary production would be unaffected by long-term exposure because drilling 
fluids are rapidly diluted. 
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Hay et al. (1988) investigated rates of recruitment, growth, and mortality of enclosed 
populations of the marine copepods Pseudocalanus elongatus, Acartia clausi, and Temora 
longicornis exposed to produced water from North Sea oil production platforms. These 
rates were estimated using a population dynamics model. The effect of the produced 
water was primarily limited to reducing recruitment over the 87-d exposure period. 


Many species are found in the benthos as juveniles and adults and are present in 
the plankton as larvae. These are called meroplankton, in contrast to holoplankton, 
which spend their entire life history in the plankton (see Chapter 6). Exposure of 
meroplankton to routine discharges could therefore be detrimentai to benthic recruit- 
ment. Crawford and Gates (1981) examined the effects of a drilling fluid from Mobile 
Bay on the development of the sand dollar Echinarachnius parma. The drilling fluid was 
supplied by the EPA and not designed for ocean discharge. These investigators 
observed normal development of sand dollar plute! (planktonic larval form) at con- 
centrations of drilling fluids up to 100 ppm. They observed abnormal development and 
reduced fertilization success at concentrations of 1 ppt, which roughly corresponds to 
concentrations observed near a discharge site. 


Fish and Fisheries 


The effects of routine discharges on fish and fisheries should be limited. As 
discussed earlier, rapid dispersion of discharges generally precludes large scale impinge- 
ment of toxic concentrations of the discharges on biota. However, some effects may 
occur in the near-field. Gillmor et al. (1985) reported increased abundances of demersal 
fishes around a cuttings pile in the Mid-Atlantic. The increased fish populations may 
have resulted in increased predation pressure on galatheid crabs in the near vicinity of 
the discharge. Other habitat disturbances may affect recruitment of demersal fishes 
within the near-field of drilling fluid discharges. Crawford and Gates (1981) observed 
effects on the development of the mummichog Fundulus heteroclitus exposed to high 
concentrations of the Mobile Bay drilling fluid supplied by the EPA. Fiindulus embryos 
exposed to 10,000 and 1,000 ppm drilling fluid had a reduced rate of development and 
heartbeat rate. Hatching success was reduced for concentrations of 100, 1,000, and 
100,000 ppm drilling fluid. Sharp et al. (1985) reported the results of experiments on 
Fundulus embryos exposed to a used, medium-density seawater chrome lignosulfonate 
drilling fluid. This drilling fluid was obtained from an offshore exploratory ,latform in 
the Gulf of Mexico. In addition to the major constituents (barite, bentonite clay, 
chrome lignosulfonate, lignite, and sodium hydroxide), it contained petroleum hydro- 
carbons (thought to be diesel oil). The bioassay testing was performed using the 
aqueous fraction of the drilling fluid. Mortalities of embryos increased with increasing 
concentrations of drilling fluid. In addition, other effects related to increasing concen- 
trations of drilling fluid were increased structural anomalies of the embryos, decreased 
heart rate, decreased hatching success, delayed hatching, and decreased hatching size. 
Microcosm experiments performed by Gamble et al. (1987) revealed no direct effects on 
cod (Gadus morhua) and herring (Clupea harengus) larvae; rather, reduced growth of 
larval herring resulted from reduced copepod recruitment. 


Among the important invertebrate fisheries in the study area are the pink shrimp 
Penaeus duorarurm, the spiny lobster Panulirus argus, and the stone crab Menippe 
mercenaria (Chapter 7). Spiny lobster and stone crab are largely dependent on hard 
bottom/coral reef habitats. Habitat alterations due to burial during drilling discharges 
would effectively remove suitable habitat for these species, at least until physical forces 
(waves and currents) removed the deposited material and the habitat recovered 
sufficiently to support these two species. The Tortugas shrimp grounds are an 
important area for harvesting pink shrimp. Adult shrimp are motile and would be 

to avoid areas of unsuitable substrate. Although drilling has occurred in the 
northwestern Gulf of Mexico for over 30 years, shrimping remains a major fishery in 


this region. 
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Other Offshore Benthic Communities 


Several low-relief, hard bottom communities occur in the offshore portion of the 
South Florida area. Conspicuous groups in these communities are stony corals, 
octocorals, sponges, and crinoids (Chapter 5). Distributions of the communities are 
primarily determined by (1) geomorphology, which controls sediment thickness and 
conse~uently, hard substrate availability, and (2) light, which controls the distributions of 
autotrophs (photosynthetic primary producers). 


Aside from potential toxic effects in the near vicinity of the discharge site, the 
effects of routine discharges would be related to alteration of the environment with 
respect to substrate availability and light. Large quantities of sediments are discharged 
during drilling operations. Because much of this material will probably settle near the 
discharge site, burial and smothering of the biota may occur in this area. Substrate may 
be modified, reducing recruitment until natural forces (e.g., storms) move the sediments, 
exposing the hard substrate. Farther from the discharge site, increased sedimentation 
may affect sensitive biota such as the reef coral Agaricia. 


The upper plume of drilling effluent discharges could potentially reduce the quantity 
of light and alter the quality of light reaching the seafloor. Photosynthetic organisms, 
such as algae and corals, may be affected by such increased turbiditics. The degree to 
which an autotroph is affected will depend on the duration of increased turbidities, the 
sensitivity of the autotroph, and the depth at which the autotroph is living (how close to 
the compensation depth the organism is living). Increased turbidity levels at a particular 
location removed from the discharge site (>1,000 m) should be infrequent and tem- 
porary. If increased turbidities occur for extended periods, higher trophic levels that 
depend on the autotrophs for nutrition and/or habitat may be affected. 


CONCLUSIONS 


If further oil and gas operations occur in the South Florida area, a variety of 
materials will be routinely discharged into OCS waters, given the current regulations. 
Because this region is a unique subtropical/tropical environment, it is important to 
evaluate the potential fate and effects of these discharges before operations begin. This 
evaluation will aid in determining policy for protecting the unique habitats in the 
region. 


Three basic conclusions are apparent from a review of fate and effects of routine 
discharges for potential oil and gas operations in South Florida: 


® Routine discharges could potentially affect the biota of South Florida, par- 
ticularly at high concentrations near the discharge point. Effects probably would 
be limited to within a few hundred meters of the discharge site. 


@ The fate of routine discharges will vary between restricted, poorly flushed and 
open OCS regions of the shelf. This difference in fate will bear on the effects 
to the biota, because exposures will differ. 


@ The best means to minimize effects of routine discharges is to spatially isolate 
them from sensitive biota. 


Under current regulations for the Eastern Gulf of Mexico Planning Area, the arca 
within 1,000 m of a proposed well site must be visually surveyed and photographed 
(Minerals Management Service 1987). The purpose of this survey is to ascertain 
whether live bottom (a term that includes hard bottom communities and seagrass 
beds--see Chapter 5) is present. If live bottom is present, special steps may be required 
to mitigate the effects from the drilling operations. Based on these regulations, sensitive 
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biota can be protected, if detected within 1,000 m. However, some potential effects, 
such as increased turbidity, can elicit effects, albeit sublethal, farther from the outfall 
during exploratory operations. This prescribed distance is probably sufficient for single 
exploratory wells. In the event that multiple wells are drilled at a single site or the 
number of wells begins to increase in a sensitive area, the 1,000-m survey zone may be 
insufficient. Drilling from multiple well production platform sites is poorly studied, and 
not at all for the sensitive, light-dependent communities that exist in South Florida. 
Further study is necessary to determine adequate buffers for drilling multiple wells near 
sensitive biota. 


Although laboratory and field studies have been conducted to determine short-term 
effects from exploratory drilling efforts, few studies of long-term effects and studies of 
discharges from multiple wells at a single location have been performed. Several studies 
have been performed in the northwestern Gulf of Mexico in areas of production such as 
the Offshore Ecology Investigation, the Central Gulf Platform Study, and the Buccaneer 
Gas and Oil Ficid Study; however, these have suffered criticism based on their design 
(Carney 1987). Although much information was collected during these studies, the data 
were Often difficult to interpret because natural variability was high, a common problem 
with field studies. Experimental designs should be ecologically and statistically sound. 
This can alleviate many of the problems associated with large natural variability. 
Preliminary sampling should be conducted to determine proper numbers of replicates; 
adequate statistical power is important. Statistical testing of specific, clearly defined 
hypotheses is necessary in long-term studies. 


Recovery from drilling operations is another area that needs further study, not only 
as it relates to sensitive communities in South Florida, but in general. As part of an 
industry-sponsored monitoring program, Thompson et al. (1989) revisited their study site 
one and two years after drilling occurred. They observed recovery of Halophila decipiens 
beds that were previously eradicated in the vicinity (300 m) of the discharge site. 
Unfortunately, their recovery results were confounded by the passage of a hurricane over 
the study area. Shinn et al. (1989) observed recovery, except for some mechanical 
damage, at seven sites where exploratory drilling had been conducted in South Florida. 
Their data from well sites at the Marquesas Keys were collected more than 25 years 
after drilling occurred and therefore provide no information on recovery over the 
short-term. Also, recovery data from multiple-well production drilling in South Florida 
are not available. 


One aspect of South Florida communities is the prominence of the photosynthetic 
components (autotrophs) in the habitat structure. Examples include the following: 
hermatypic corals in the Reef Tract; Thalassia in nearshore, climax, seagrass beds; the 
reef coral Agaricia in deepwater reefs; and macroalgae (e.g., Anadyomene and Halimeda) 
in offshore, hard bottom areas. The effects of increased turbidity and corresponding 
reduction of light penetration to these autotrophic components of the benthic com- 
munities need further study, especially with regard to chronic turbidity. 


Long-term, far-field dispersion and fate of drilling discharges have received almost 
no study anywhere on the U.S. OCS. Yet this far-field dispersion process is the 
mediator of any regional effects from drilling discharges. It should be understood as a 
basis for management decisions concerning regional petroleum exploration and develop- 
ment activities. Research is needed on the regional fate of drilling discharges. Using 
barium as a tracer of the dispersion process is a logical starting point. Such research 
also should yield valuable information into regional sediment resuspension, transport, 
deposition, and accumulation processes. This information would be relevant to virtually 
all regional management decisions aimed at mitigating adverse environmental 
from pollutants released into an area by human activities. 
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The mass and fate of radionuclides in produced waters need further study. While it 
is likely that the rapid dilution of these waters when discharged precludes significant 
radionuclide accumulation in ambient biota or sediment, the authors are not aware of 
any study which investigates this issue and confirms the hypothesis of no accumulation. 
In such a study, it would be especially important to investigate the accumulation of 
radium in sediments and biota in areas of extensive oil production on the OCS. 
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CHAPTER 14 

TOXIC EFFECTS OF OIL 

AND CHEMICALLY DISPERSED OIL 
ON MARINE ANIMALS AND PLANTS 


Edward S. Gilfillan 
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INTRODUCTION 


The purpose of this review is to give an overview of toxic effects of oil on marine 
animals and plants, with emphasis on subtropical and tropical specics. In producing this 
review, prior reviews (Engelhardt 1985; Leighton ct al. 1985; National Research Council 
[NRC] 1985, 1989, Rice 1985; Wells and Pearcy 1985; Peakall ct al. 1987; Geraci and 
St. Aubin 1988) as well as many sources of “gray” literature have been consulted. This 
is not intended to be an cxhaustive review. It is meant to give cxamples of the types of 
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cffects oil may have and the cxposure required to produce them. Those studies in 
which oil exposure is not quantitatively defined will not be considered. In those 
instances where it is stated that there is no information on oil effects on South Florida 
species, these statements arc based on an cxtensive search of the open and “gray” 
literature. 


The toxicological effects of oil are dependent on the chemical composition of the oil 
in question. It is widely appreciated that there are hundreds of different crude oils, 
which vary tremendously in their composition and hence in their toxicological propertics 
(Pulich et al. 1974; Byrne cnd Calder 1977; Batterton et al. 1978). It is less widely 
appreciated that there are also great variations in the chemical composition of refined 
products (Winters et al. 1977; Batterton et al. 1978). 


The toxicity of hydrocarbon compounds is directly related to their solubility in water 
(Hutchinson et al. 1979). Among the most soluble petroleum hydrocarbons are the 
low-molecular-weight (LMW), polynuclear aromatic hydrocarbons (PAHs). The LMW 
PAHs are also responsible for acute toxicity of petroleum hydrocarbons (Anderson ct al. 
1974; Neff et al. 1976). Anderson ct al. (1987) has shown that the toxicity of Prudhoc 
Bay crude is almost entirely resident in the one-, two-, and three-ring PAHs. 


The chemical composition of an aqueous oil solution will change fairly rapidly 
through evaporation and biodegradation. Both processes will affect the concentration of 
LMW PAHs most rapidly. This is especially true of chemically dispersed oil (Page ct al. 
1985a). As a result, it is important to know the changes in concentration and chemical 
composition that have occurred during experimental exposures. 


The toxicological effect that a given oil may have is a function of its chemical 
composition, the amount applied, and the method and duration of exposure (Byrne and 
Calder 1977; Anderson et al. 1987). Other sources of stress (e.g., temperature, salinity, 
oxygen concentration, and parasitism) are also important in determining the effects of a 
given oil exposure (Laughlin et al. 1978; Linden et al. 1979, Laughlin and Neff 1980, 
Moles 1980). 


Methods used to quantify the amount and composition of oil may give widely 
different results. Quantification by non-specific methods such as infrared absorption, 
ultraviolet absorption, fluorescence, or gravimetric analysis yield no information 
concerning the composition of the oil in question. Much useful information can be 
obtained from gas-liquid chromatography analysis; even more can be obtained from gas 


chromatography/mass spectrometry analysis. 


The information presented here has varying applicability to predicting oil effects in 
the real world. Investigations of oil effects typically pass through a number of stages: 
(1) laboratory lethality studies, which are most useful in comparing relative resistance of 
various species or in comparing re!‘ oxicity of products; (2) laboratory studies of 
sublethal effects carried out at ur ‘ty high exposure levels to induce immediate 
effects; (3) long-term laboratory s. ..* « rried out at low exposures; (4) mesocosim 
experiments; and (5) field experiments —.. ried out at realistic exposure levels. Field 
experiments are most useful in predicting field effects; laboratory lethality studies are 
least useful. 


When extrapolating to field situations, it is important to consider that concentra- 
tions measured under slicks of non-dispersed oil in the field rarely exceed 250 ppb. In 
normally dispersive conditions, concentrations of chemically dispersed oil rarely exceed 
10 ppm and are rapidly reduced through mixing. As mixing decreases, as in areas with 
sluggish circulation and some nearshore areas, concentrations of dispersed and 
non-dispersed oil will be reduced more slowly. 
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Field experiments are designed to simulate a particular exposure scenario. Their 
results are most useful in predicting effects of ficld exposures similar to the scenario 
used to design the experiment. For cxampic, Ballou ct al. (1987) reported that ficid 
exposure of corals to about 50 ppm of chemically dispersed Prudhoe Bay crude for 24 fi 
resulted in severe mortality and delayed recovery, Knap (1987) reported that exposure of 
coral to 10 to 50 ppm of chemically dispersed Arabian Light crude in the laboratory for 
24 h followed by field recovery resulted in no damage to corals. It would be wrong to 
assume that these studies refute one another. Apart from differences in oils and coral 
species used, these experiments are based on completely different exposure scenarios. 
Knap's studies simulated one-time dispersion of a slick in a relatively 
situation; Ballou’s study simulated continuous dispersion over 24 h of a slick in an arca 
with sluggish circulation. They can cach be used to predict field experience in appro- 
priate situations (oil type, scenario, circulation regime, and species of coral). 


Similarly, it is wrong to say that results of various field experiments are invalid 
because they did not predict results of the Panama oil spill (Jackson ct al. 1989). The 
Panama oil spill involved much higher exposures (more oil, shallower water, longer 
exposure times) than any ficid experiments thus far conducted. 


A potential problem is that many studies reviewed here have not used subtropical or 
‘ropical species. However, careful examination of toxicological information on arctic, 
temperate, and tropical species reveals that while there is great variability in resistance 
of individual species to oil, there are no overall trends. There is no evidence that 
subtropical and tropical species are more sensitive to oil than temperate or arctic 


species (Wells and Percy 1985). 


The following review has been organized along taxonomic and ecological lines, 
Starting with macrofiora, proceeding through plankton, and continuing through invertc- 
brates and vertebrates. 


MACROFLORA 
Macroalgae 


The literature concerning oil effects on macroalgac is sparse. Steele (1977) 
compared the effects of exposure to light refined oils (No. 2 fuel oil; JP-4; JP-5) and 
Willamar crude on growth in Fucus edentatus embryos over a 12-4 period. He found 
that the refined oils were more toxic than the crude oil; 1 to 3 ppm refined oil arrested 
growth, whereas 45 to 50 ppm Willamar crude was required to arrest growth. 


Bokn (1985) reported results of a two-year exposure study in which effects of 
chronic exposure to the water-soluble fraction (WSF) of diesel oil (100 ppb; 25 ppb) on 
growth in Ascophyllum nodosum and Laminaria digitata were compared. In the first year 
of the study, no effects of oil on growth in cither species were observed. In the second 
year, growth was significantly reduced by oil treatment in both species. No difference in 
effects between the two oil exposure levels was detected. 


Field observations of the effects of oil on growth in Laminaria digitata and 
Chondrus crispus were made following the Amoco Cadiz oil spill (Kaas 1981). A slight 
delay (1 month) in growth of L. digitata was observed; no subsequent effects on growth 
were observed. No effects on growth in C. crispus were observed. 


Topinka and Tucker (1981) showed that growth of tagged Ascophyllum nodosum 

ts in a location heavily oiled by the Amoco Cadiz oil spill fell into normal ranges. 

availability of plant nutrients (nitrogen and phosphorus) was much more important 
for growth than the degree of oiling. 
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Considerable literature is available concerning oil effects on temperate grasses such 
as the eelgrass Zostera marina and the smooth cordgrass Spartina alterniflora. This 
information will not be discussed, in view of the fact that there is much information 
concerning native seagrass species. 


Using static bioassays, Baca and Getter (1982) determined the toxicity of oil 


Thalassia testudinum. Soe ee ere oe on eee, Oa CS Se = 
weed ap Ae he P age thd pes ronson sca Fd ep dg Ty ed 
toxicity of chemically dispersed oil was not very different from toxicity of Corexit 
9527 alone (96-h LC,, = 200 ppm). 

and 


Using static 100-h bioassays, Thorhaug 
et al. (1986) studied toxicity of Murban crude, South Louisiana crude, and seven 
dispersants to Thalassia testudinum, the shoal grass 
neh gp gee meray Only slight differences in toxicity 
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Measurement of hydrocarbon concentration in a nominal | ppm exposure yielded 
429 ppm; in a nominal 5,000 ppm exposure, the measured concentration was 634 ppm. 


By contrast, concentrations of total hydrocarbons in the WSF ranged from 5.6 to 
a Toxicity varied widely among the seven dispersants tested. Thalassia 
: was considerably more resistant to dispersant toxicity than H. wrghti and 


®@ Conclusions. The seagrasses tested seem to be very resistant to chemically 
oil. Adverse effects of field exposure are to be expected only in arcas 
with extremely sluggish circulation. 


and 
Mathias (1977) studied laboratory effects of “diesel oil" on growth of 15 cm 
Avicennia intermedia seedlings from Malaysia. Length of exposure (6 or 12 d) had no 
effect on growth or survival over 2.5 months. Growth and survival were affected by the 
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Getter and Baca (1984) studied toxicity of whole and dispersed (Corexit 9527) 
Arabian Light crude. No. 2 fuel oil, and No. 6 fuel oil to red mangrove Rhizophora 
mangle and black mangrove Avicennia germinans seedlings in the laboratory. When oil 
and oil/dispersant mixtures were injected into the root zone, A. germinans was less 
resistant than R. mangle. In R. mangle, 55,000 ppm Arabian Light crude and No. 6 fuel 
oil had no effect on foliage deve ‘ Or stem growth. In A. germinans, the same 
doses of Arabian Light crude and No. 6 fuel oil reduced foliage development and stem 
growth by 50%. Using No. 2 fuel oil, 50,000 ppm reduced foliage development and 
stem growth by 50% in R. mangle; 5,000 ppm reduced foliage development and stem 
growth in A. germinans by 50%. These results are comparable to those of Mathias 
(1977) who reported effects on growth in A. intermedia at <10,000 ppm “diesel oil." 
Results obtained by Getter and Baca (1984) with dispersed oils were variable. However, 
given the differing behavior of dispersed and non-dispersed oils in the environment, 
injection of dispersed oil into the root zone is not a reasonable scenario; dispersed oil 
results will not be discussed. 


Lai and Feng (1985) investigated the toxicity of dispersed (Corexit 9527) and 
non-dispersed Arabian Light crude, Malaysian crude, and No. 6 fuel oil to Rhizophora 
(species not given) and Avicennia (species not given) in field and laboratory studies. Oil 
treatments were applied to the sediment surface; a tidal regime was simulated. No. 6 
fuel oil was found to be least toxic and Malaysian crude was found to be most toxic. 
Toxicity of Arabian Light crude to both species was similar (30-4 LC,, = 300 mL/m’). 
Dispersed oil was considerably less toxic than non-dispersed oil; Avicennia was slightly 
less resistant (30-d LCg, = 1,716 mL/m?*) than Rhizophora (30-4 = 2,250 mL/m’). 
When the doses reported by Getter and Baca (1984) are calculated in terms of oil 
applied per square meter, doses required to reduce foliage development and stem growth 
range from 140 to 1,400 mL/m?. 


A number of investigators Lave compared the toxicity of dispersed and non- 
dispersed oil in field experiments (Getter and Ballou 1985; Ballou et al. 1987; Teas et 
al. 1987). In each instance, effects observed in those trees exposed to non-dispersed oil 
were more severe than those observed in trees exposed to dispersed oil. 


Clearly, the initial compositivn of oil affects toxicity (Hannan and Phillips 1975; Lai 
and Feng 1985). The amount of weathering that an oil has undergone is also important 
in determining toxicity in the field (Page et al. 1985b). Those oils that are richest in 
low molecular weight aromatic compounds are most toxic. 


Soil conditions are also important in determining effects of spilled oil. Dicks (1986) 
reported that Avicennia marina trees living in well-drained sandy soil were less harmed 
by oiling than trees living in muddy, waterlogged soils. 


@ Conclusions. Avicennia species may be somewhat less resistant to oil effects 
than Rhi species. Both genera are readily killed by oil concentrations of 
100 to 1 mL/m?, which are likely to occur in actual oil spill situations. 

Both genera are much more resistant to oil that has been dispersed prior to 
entering the forest than to undispersed oil. 


PLANKTON 
Phytoplankton 


The literature on the effects of crude oil on the survival, photosynthesis, and 
grewth of phytoplankton is not extensive. This is particularly true when one excludes 
older work in which oil/dispersed oil concentrations are reported as the amount added 
(nominal concentration). 
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Considerable differences have been found in tolerance to petroleum among specics 
of phytoplankton. Pulich et al. (1974) tested seven phytoplankton species against the 
water-soluble fraction of No. 2 fuel oil and found that they could tolerate 750 ppb to 
3.75 ppm total solubles without measurable effect on growth (doubling time). Pulich ct 
al. also concluded that the diatoms they used were more susceptible than flagellates to 
oil effects. Batterton et al. (1978) studied effects of petroleum on growth in five algal 
species and found that the green alga Chlorella autrophica was considerably more 
sensitive than either the blue-green alga Agmenellum quadruplicatum or diatom 
Cylindrotheca sp. Mahoney and Haskin (1980) found that the diatom Skeletonema 
costatum was more sensitive (ECg_ for growth = 0.5 to 1.0 ppm) than a number of 
green flagellates (EC,, for growth = 5 ppm) to seawater extracts of Nigerian crude. 
However, three different clones of S. costanrum showed markedly different ECggs for 
growth (0.5, 1.0, 1.5 ppm). 


Crude oils have been found to be less phytotoxic than light refined products such as 
No. 2 fuel oil (Pulich et al. 1974; Batterton et al. 1978). With the oils tested, the 
differences in phytotoxicity between crude oils and No. 2 fuel oils were on the order of 
two- to three-fold. The increase in phytotoxicity of the No. 2 fuel oils was ascribed to 
their higher content of light aromatic hydrocarbons. 


Batterton et al. (1978) compared the phytotoxicity of the WSF from five different 
No. 2 fuel oils. One was innocuous; others were very toxic. Differences in toxicity were 
ascribed to differences in chemical composition of the WSF. The presence of 
p-toluidine in the WSF was correlated with increased phytotoxicity. As little as 50 ppb 
p-toluidine arrested growth in Agmenellum quadruplicatum. 


Trudel (1978) exposed natural populations of microflagellates to Venezuclan Lago 
Medio crude. Photosynthesis was inhibited 10% by 0.1 mg/L (100 ppb) and by 50% at 


1 to 2 mg/L (1 to 2 ppm). 


Vargo et al. (1982) found that biweekly additions of 100 to 200 pg/L (100 to 
200 ppb) of No. 2 fuel oil increased both standing stock and diversity of natural 
populations of phytoplankton. Increased standing stock and diversity were ascribed to 
decreased predation by filter-feeding animals. 


In a similar experiment, Scholten and Kuiper (1987) found comparable results. 
They also found that, in times of silicate limitation, diatoms could be replaced by 
flagellates following oil addition to the microcosm. 


Tokuda (1979) concluded from the effects of a number of oils and dispersants on 
growth in Skeletonema costatum that there was no difference between the toxicity of 
undispersed oil and dispersed oil. Trude! (1978) studied effects of exposure to Lago 
Medio crude alone and dispersed with Corexit 9527 on carbon-14 uptake of natural 
populations of phytoplankton. No difference was observed between oil alone and 
chemically dispersed oil. 


® Conclusions. Relatively high levels of dissolved petroleum hydrocarbons are 
required to adversely affect growth and photosynthesis in marine phytoplankton. 
Levels measured under and near oil slicks should have little or no effect on 
primary productivity. Concentrations of oil measured under and near slicks of 
chemically dispersed oil could adversely affect phytoplankton populations for a 
short time until naturai dilution occurs. However, because of the high growth 
rates of phytoplankton, any losses will be quickly recovered. 
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Zooplankton 


There is more literature concerning oil effects on zoopiankion than for phyto- 
plankton. However, many of the older studies refer to aominal exposure levels and will 
not be considered in this discussion. Since zooplankton comprise many taxonomic 
groups, the following discussion will be organized by (axonomic group. 


Protozoa 


Lanier and Light (1978) showed that the 90-h LC., for Euplotes diadaleos 
to the WSF of Empire Mix crude was 1.7 ppm. Rogerson and Berger (1981) showed 
that concentrations >1 ppm of Corexit 9527 were acutely toxic to Tetrahymena 
pyriformis and Colpidium campylum, but these ciliates grew better in oil/dispersant 
mixtures than in oil alone. The authors attribute this difference to the enhanced 
volatilization of the more toxic light aromatics from the oil/dispersant mixtures. 


Ctenophores 


In a series of experiments (Lee 1975; Lee and Anderson 1977, Lee and Takahashi 
1977), Pleurobrachia pileus was shown to have a 1-d LCg, of 0.59 ppm for the WSF of 
No. 2 fuel oil (0.14 ppm naphthalenes). No information about effects of chemically 
dispersed oil on ctenophores is available. 


Molluscs 


Byrne and Calder (1977) investigated toxicity of the WSF of crude and refined oils 
to embryos and larvae of the clam Mercenaria mercenaria. For embryos, 2-d LCgy values 
ranged from 0.23 to 12 ppm (crude oils) to 0.43 ppm (No. 2 fuel oil) to 1.0 ppm (No. 6 
fuel oil). For larvae, 2-d LC, values ranged from 0.25 to 25 ppm (crude oils) to 
1.3 ppm (No. 2 fuel oil) to 3.2 ppm (No. 6 fuel oil). For larval growth, 10-d EC 
values ranged from 0.05 to 2.1 ppm (crude oils) to 1.3 ppm (No. 2 fuel oil) to 6. ppm 
(No. 6 fuel oil). 


The only study reporting effects of both chemically dispersed and whole oil on 
mollusc larvae is that of Renzoni (1973) using larvae of the oysters Crassostrea angulata 
and C. gigas, and of the mussel Myrilus edulis. In this study, nominal concentrations of 
both oil and oil/dispersant mixtures are reported. Very high nominal concentrations 
were toxic to the larvae. The toxicities of oil alone and oil/Mdispersant mixtures are 
reported as being similar. 


Polychaetes 


Lee and Nicol (1980) investigated toxicity of the WSF of No. 2 fuel oil to coastal 
ogee larvae (mixed species). None were killed following a 2-d exposure to 50% 
SF. Effects of dispersants and oil/dispersant mixtures have been investigated using 
nominal oil/dis nt concentrations and Ophryotrocha labronica \arvae (Akesson 1975). 
Using Corexit 7664, LC,, values of 12,000 ppm were obtained. Using oil/dispersant 
mixtures (1:2, oil not further defined), LC,, values of 420 ppm were obtained. 


Copepods 


Because of their great importance in marine food webs, more data are available on 
the effects of oil and dispersants on copepods than on other kinds of zooplankton. 
However, much of this work is based on nominal concentrations and will not be 
considered further. 
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Sekerek and Foy (1978) reported a 4-d of 73 ppm for Calanus hyperboreus 
exposed to Prudhoe Bay crude water ted fraction (WAF). Lee et al. (1980) 
reported that 4-d values for mixed species of copepods exposed to the WAF of 
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when Ott et al. (1978) exposed E. affinis females to 0.01 ppm naphthalene, fecundity 
was reduced 50%. The difference between the two experiments may result from 
exposure during different times of egg production. 


Relatively few toxicity studies have been carried out with amphipod larvae. Linden 
(1976a) reported No. 2 fuel oil was more toxic to larval Gammarus oceanicus (2-1 LCg, 
= 0.3 ppm) than crude oil (2-d LCg, = 0.8 ppm) or No. 4 fuel oil (2-4 = 
6.2 ppm). Lee and Nicol (1980) reported that exposure of embryos to 4 to 6 ppm of 
the WSF of No. 2 fuel oil caused juvenile Parhyale hawaiensis to weaken and die soon 
after hatching. 


Linden (1976a) reported that larval growth rates in Gammarus oceanicus are sig- 
nificantly lowered during a 60-d exposure to 0.3 to 0.4 ppm weathered crude oil 
dispersion. When female G. oceanicus were exposed to the same oil dispersion for 23-d, 
fecundity was reduced (Linden 1976b). 


Shrimp 
No information was found concerning oil effects on adults or larvae of the pink 
shrimp Penaeus duorarum, a commercially important fishery species in South Florida. 


Numerous studies have been carried out using larvae of several genera of shrimp. 
Anderson et al. (1974) investigated the toxicity of a number of crude and refined oils to 
t-larvae of the brown shrimp Penaeus aztecus; the WSF of South Louisiana crude was 
toxic (4-d LC,, >19.8 ppm) than the WSF of either No. 2 fuel oil (4-4 LCg, = 
4.9 ppm) or No. 6 fuel oil (4-4 LCy, = 1.9 ppm). 


In a related series of experiments (Rice et al. 1976, Broderson et al. 1977; 
Mecklenberg ct al. 1977), lethal and sublethal effects of the WSF of Cook Inlet crude 
on six larval stages of Pandalus hypsinotus were inv<stigated. Four-day values for 
the larval stages are as follows: Stage 1 = 7.94 ppm; Stage 2 = 4.06 ppm; Stage 3 = 
1,2 ppm; Stage 4 = 3.2 ; Stage 5 = 1.2 ppm; and Stage 6 = 0.54 ppm. Larvae 
molting from Stage 1 to Stage 2 were much more sensitive (4-d LC, = 0.95 ppm) than 
either the Stage 1 larvae or the Stage 2 larvae. There was little difference between the 
toxicity of the WSF of Cook Inlet crude (4-d LC,, = 7.94 ppm) and the toxicity of the 
WSF of Prudhoe Bay crude (4-d LC,, = 8.53 ppm). Considerably less exposure to oil 
was required to produce morbidity, although the same relative order of sensitivity is 
retained except for Stage 2 larvae. The ECg, values for the larval stages are as follows: 
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Stage 1 = 1.8 ppm; Stage 2 = 0.8 ppm; Stage 3 = 0.35 ppm; Stage 4 = 1.9 ppm; 
Stage 5 = 0.96 ppm; and Stage 6 = 0.24 ppm. 


The toxicity of the WSF of No. 2 fuel oil to both larvae and post-larvae of the grass 
shrimp Palaemonetes pugio has been investigated (Tatum et al. 1978). Larvae were 
more sensitive (4-d LC,, = 1.2 ppm) than post-larvae (4-d LC,, = 2.5 ppm). 


Lobsters 


No information was found concerning oil effects on larvae or adults of the spiny 
lobster Panulirus argus, a commercially and recreationally important fishery species in 
South Florida. 


In a series of studies (Wells 1972; Wells and Sprague 1976), effects of crude oils on 
the larval development of the American lobster Homarus americanus were cxamined. 
The first larval stage and those larvae molting into second stage were most sensitive 
(4-4 LCy, = 1 to 5 ppm). The 30-d LC, was 0.14 ppm; at this level, the growth of 
surviving larvae was slowed. 


Capuzzo ct al. (1984) found that 96-h exposure to 0.25 ppm of the WSF of South 
Louisiana crude had no effect on survival of Homarus americanus \arvae (Stages | to V). 
Reduced respiration and decreased O:N ratios were observed in all oil-exposed larvac. 
All oil-exposed larvae had slower growth rates, and all showed alterations in lipid 
metabolism (lower levels of triglycerides and increased levels of sterols). Early develop- 
mental stages of H. americanus are more sensitive to oil exposure than post-larvac. 
Capuzzo and Lancaster (1981) found no adverse effects of the WSF of South Louisiana 
crude on post-larval H. americanus after 78 d of exposure. 


Crabs 


No information was found concerning oil effects on larvae or adults of the stone 


crab Menippe mercenaria, a commercially and recreationally important fishery species in 
South Florida. 


In a sernes of studies (Rice et al. 1976; Mecklenberg et al. 1977), toxicity of the 
WSF of Cook Inlet crude and Prudhoe Bay crude to the larvae of the Alaska king crab 
Paralithodes camitschatica, the Tanner crab Chionoecetes bairdi, and the Dungeness crab 
Cancer magister were examined. Using the WSF of Cook Inlet crude, 4-d LC,, values 
for Stage 1 P. camtschatica were 2 to 3 ppm; the 4-d LCg, value for larvae molting 
from Stage 1 to Stage 2 was 1.33 ppm. Using the WSF of Prudhoe Bay crude, the 4-d 
5% value was >6.4 ppm. Using the WSF of Cook Inlet crude, the 4-d LC, for 

1 C. bairdi was >10.8 ppm. For Stage 1 C. magister, the 4-d LCg, for ‘the WSF 
k Inlet crude was >7.1 ppm; the 4-d LC, for the WSF of Prudhoe Bay crude 
mh >5.5 ppm. 


As with the shrimp larvae, sublethal effects are observed at exposure levels con- 
siderably below the LC,, values. Rice et al. (1976) showed that the ECg, for 
immobilization of Stage 1 Chionoecetes bairdi larvae was 1.2 ppm for the “WSF of 
Prudhoe Bay crude. 


A number of studies have shown reduced rates of development and growth in crab 
larvae as a result of exposure to oil. Laughlin et al. (1978) showed that exposure to 
<1 ppm of the WSF of No. 2 fuel oil slowed the development of the mud crab 
Rhithropanopeus depressus. A 30-4 exposure to 0.05 to 0.19 ppm of the WAF of No. 2 
fuel oil delayed growth and development in the rock crab Cancer irroratus. These effects 
seem to be related to the presence of LMW aromatic hydrocarbons. The duration to 
the megalops stage in R. depressus was increased by exposure to phenanthrene and 
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decreased by exposure to naphthalene (Laughlin et al. 1978); exposure to phenanthrene 
(<0.15 ppm) always resulted in smaller larvae (Laughlin and Neff 1980). 


Ichthyoplankton 


No information was found concerning oil effects on eggs or larvae of any of the 
commercially important fish species in South Florida (sce Chapter 6 for discussion of 
common species in the ichthyoplankton). 


The development of fish eggs and larvae is an extremely complex process which can 
de affected by oil exposure in many ways and at many different times during develop- 
ment. Increased mortality of fish eggs has been observed, with exposures ranging from 
0.01 ppm (Longwell 1977) to 2.2 ppm (Linden et al. 1979). Reported 4-d EC,, values 
for fish eggs have ranged from 0.4 ppm (Sharp et al. 1979) to 43 ppm (Vuorinen and 
Axell 1980). In general, lesser exposures are required to cause delayed development of 
larvae (0.68 ppm, Smith and Cameron 1979), tissue pathologies in larvae (0.1 to 
2.2 ppm, Vuorinen and Axell 1980), and morphological anomalies (0.68 ppm, Smith and 
Cameron 1979; 3.1 to 11.9 ppm, Linden 1978; 8.0 ppm, Davenport et al. 1980). 


® Conclusions. Exposure to sub-ppm levels of oil affects many types of z00- 
plankton. However, these effects are observed at exposure levels and times 
considerably in excess of levels likely to be observed under or near a slick of 
non-dispersed oil. Levels of chemically dispersed oil likely to be encountered as 
a result of dispersion of a slick with a normal amount of mixing may produce 
exposures high enough to affect zooplankton. However, these concentrations 
will be rapidly reduced by mixing. In situations where water circulation is more 
sluggish, such as in some shallow-water and nearshore areas, higher concentra- 
tions of both oil and dispersed oil may be encountered. 


BENTHIC INVERTEBRATES 
Corals 


Early literature on the effects of oil and chemically dispersed oil on corals is 
contradictory. Oils and dispersants used are frequently not identified; exposure levels 
are frequently not measured. This literature has been critically reviewed (Knap ct al. 
1983) and will not be further discussed. 


Effects of short-term (6 to 24 h) exposure to low levels (1 to 50 ppm) of Arabian 
Light crude, Arabian Light crude dis with BP1100WD (10:1) (ALC/BP), Arabian 
Light crude dispersed with Corexit 9527 (20:1) (ALC/CO), and dispersants alone on the 
brain coral Dipioria strigosa have been thoroughly investigated (Knap 1987). Eight 
hours exposure to 19 ppm ALC/CO reduced photosynthesis of zooxanthellae by 85% 
and inhibited lipid synthesis. Oil alone and dispersants alone had no effect. Photosyn- 
thesis recovered within 3 to 5 h; lipid synthesis recovered within 24 h (Cook and Knap 
1983). 


nia. 2 Se a Light crude, ALC/BP, and 
for 24 h in the laboratory and transplanted back into the field showed no 


abnormalities in growth (Dodge et al. 1984) or in calcification (Dodge et al. 1985) over 
a year’s follow-up. 


Diploria strigosa exposed to 14 to 16 ppm ALC/BP and 11 to 20 ppm ALC/CO for 
24h exhibited & va a variety of behavioral responses such as tentacle retraction and tissuc 
swelling (Knap et al. 1985; Wyers et al. 1986). Tentacle retraction disappeared within 
4d. Tissue swelling sometimes persisted for 12 to 20 d; however, tissue swelling was 
also sometimes Observed in control animals. 
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Knap and co-workers concluded that short-term exposure to levels of chemically 
dispersed oil expected following open-occan dispersion of a slick would Cause no per- 
manent harm to Diplona stngosa. 


Similar results have been reported by LeGore ct al. (1989) who exposed natural 
assemblages of Arabian Gulf corals (largely Acropora spp.) to Arabian Light crude, 
ALC/CO, and dispersant alone. Exposure containers consisted of 2m x 2 mx 3.5 m 
(depth) boomed plots. Booms were removed cither 24 of 120 h following exposure. 
Two exposure scenarios were used. In the first, a one-time dispersal of a 0.25 mm slick 
was simulated. Dispersed-oil concentrations of 500 to 2,500 ppb were observed (most 
values were close to 500 ppb). Oil concentrations of 0 to 250 ppb were observed 
beneath the undispersed oil slick. Growth and colonization were followed for a year 
following exposure and were unaffected by any of the 24-h exposures. 


The second scenario simulated dispersal of 0.1-mm slicks on cach of five successive 
days. Concentrations of dispersed oil peaked cach day following dispersion at about 
2.500 ppb, and subsequently declined to about 500 ppb. Concentrations of oil observed 
under the non-dispersed slicks were 0 to 250 ppb. No effects of oil alone or dispersant 
alone were observed. In the dispersed oil plots, about 5°? of the corals lost zooxan- 
thellae and subsequently dicd during a cold spell. Growth of survivors and recruitment 
were unaffected over the ensuing year. 


In a field experiment designed to yield a very high exposure of coral to dispersed 
vil, Ballou et al. (1989) exposed natural populations of Porues ponies and Aganicia 
tenuifolia (living at depths from 10 cm to 3 m) to a 24-h continuous discharge of 
Prudhoe Bay crude dispersed by Corexit 9527 (20:1) and to Prudhoe Bay crude alone. 
Concentrations of C, to Cyg LMW hydrocarbons averaged 293 ppb near the corals 
exposed to dispersed oil, whereas total hydrocarbon concentrations averaged 12.1 to 
19.1 ppm at the same locations. Near the corals exposed to oil alone, LMW hydro- 
carbon concentrations averaged 33 ppb and total hydrocarbon concentrations averaged 
1.4 to 2.5 ppm. Results of these exposures were that only 33% of P. porites exposed to 
dispersed Oil survived; no A. tenuifolia survived. No recolonization was observed 20) 
months post-cexposure. No adverse effects on corals were observed at the non-dispersed 
Oil site. 


This experiment simulaics dispersing a large amount of oil into a very poorly 
flushed environment. The continuous addition of fresh, dispersed oil over a 24-h period 
provided the highest possible dose of acutcly toxic compounds. This ts a much more 
severe exposure than those simulating a one-time dispersion of a slick. 


8 Conclusions. It scems clear that effects of oil or dispersed oil on corals will be 
very dependent on the delivered dose in any given situation. This can be seen 
by contrasting cffects of one-time dispersion (Knap 1987, LeGore ct al. 1989; 
24 h), successive dispersions (LeGore ct al. 1989; 120 h), and 24-h continuous 
discharge (Ballou ct al. 1989). Hence, conclusions drawn about the probabic 
effects of oil or dispersed oil are highly dependent on the particular situation 
being cevaluaicd. 


Molluscs 
Most of the information concerning oil effects on molluscs has been obtained from 
ficld experimentation. No information was found concerning effects of oil on queen 


conch Strombus gigas, a commercially and recreationally important fishery species in 
South Florida. 


547 


Toxic Effects of Oil 


Survival 


Shuba and Heikamp (1989), in experiments with the oyster Crassostrea virginica, 
determined that the LC, for chemically dispersed (Corexit 9527, 10:1) Arabian Light 
crude was in excess of 2,500 ppm. There are numerous accounts of various bivalves 
living in sediments containing morc than 1,000 ppm of various hydrocarbons. 


Sublethal Effects 


Byrne and Calder (1977) found that the EC,, for growth in straight-hinge bivalve 
larvae of Mercenana sp. was 290 ppb for Jay crude and 15.7 ppm for Kuwait crude. 


Roesijadi and Anderson (1979) found that 55-d exposure to 1,000 ppm Prudhoe Bay 
crude in sediments significantly reduced the condition index in the bivalve Macoma 
iniquinata. Augenfeld et al. (1980) found that exposure of the bivalve Prototheca 
staminea to sedimenis containing 1,237 ppm Prudhoe Bay crude resulted in a 6% 
reduction in the condition index. The reduction in condition index in P. staminea was 
much less than that in M. iniquinata. Augenfeld ct al. (1980) hypothesized that 
P. staminea, a filter feeder, is less affected than M. iniquinata, a deposit feeder, because 
P. staminea is in less intimate contact with the sediment. 


Anderson et al. (1985) studied effects of Prudhoe Bay crude and chemically 
dispersed (Corexit 9527, 10:1) Prudhoe Bay crude in sediments on growth and survival 
of Macoma iniquinata and Prototheca staminea. \n a one-month comparison of survival 
in oil and dispersed oil (2,000 ppm in sediments), P. staminea survived better in 
dispersed oil (80%) than in oil (43%). The same pattern was scen in results for 
M. iniquinata; survival in dispersed oil (44% and 40%) was better than in oil (10% and 
12%). Once again, the deposit feeder M. iniquinata fared \ess well than the filter feeder 
P. staminea. A four-month study showed there was no difference between effects of oil 
and dispersed oil on growth in P. staminea. In a six-month study, dispersed oil was 
found to reduce growth more than oil did. However, the initial concentration of 
dispersed oil was 3,508 ppm; the initial concentration of oil was 2,241 ppm. Hence, the 
observed differences in growth could have been caused by the increased concentration of 
dispersed oil. It should be pointed out that in this study, the dispersed oil was added to 
the sediment before it had a chance to disperse in seawater. This is an unrealistic 
scenario for simulating anything except the application of dispersant to oil lying on a 
beach, which is never recommended. 


@ Conclusions. Many species of molluscs are very resistant to oil effects. 
Lethality can be expected only when large amounts (>1,000 ppm) are incor- 
porated into sediments. Sublethal effects can be expected at lower levels. 


Annelids 


The effects of oiled sediments on feeding and nutrition of lugworms has been 
investigated. 


Prouse and Gordon (1976) found that concentrations up to 25.9 ppm of No. 6 fuel 
in sediments had no effect on feeding of the polychaete Arenicola marina. Concenira- 
tions ranging from 87.1 to 249.2 ppm reduced feeding by 33 to 50%. 


Augenfeld (1980) showed that sediment concentrations of 500 to 1,000 ppm Prudhoe 
Bay crude reduced feeding in the polychaete Abarenicola pacifica by 70%. Smaller 
worms were more severely affected than larger ones. Augenfeld et al. (1983) showed 
that feeding in A. pacifica was reduced by exposure to 250 ppm Prudhoe Bay crude in 
sediment and that glycogen content of the worms was significantly reduced by exposure 
to 500 ppm Prudhoe Bay crude in sediments. 
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Rossi and Anderson (1978) showed that growth in the polychacte Neanthes 
arenaceodentata decreased as the concentration of the WSF of No. 2 fuel oil increased 
(60 to 181 ppb total naphthalenes). After three generations of oil exposure, the worms 
were more resistant to oil effects. Similar effects were observed by Neff ct al. (1976). 
Presumably this reflects selection for increased mixed function oxidase (MFO) activity as 
observed by Lee and Singer (1980) in the polychaete Capitella capitata. 


@ Conclusions. Significant effects on feeding in lugworms can be expected al 
sediment oil concentrations which can easily occur in oil spill situations. 
Reduced growth can also be expected if significant amounts of oil are incor- 
porated into sediments. 


Crustaceans 


Because many species of crustaceans are easily handled in the laboratory, there is a 
significant amount of information available on oil effects in this group of animals. The 
discussion will be separated by type of response. 


Survival 


Anderson et al. (1984, 1987) determined toxicity of dispersed Prudhoe Bay crude to 
the shrimp Pandalus danae. They found that LCgy values in this species are higher in 
winter (10 to 12 ppm) than in summer (2.5 to 8 ppm). They further found that most of 
the toxicity of Prudhoe Bay crude resides in the monoaromatic fraction. When the 
monoaromatics were removed by distillation (simulating weathering), summer LC.) 
values increased to 22 ppm and winter values increased to 61 ppm. When both mono- 
and di-aromatics were removed by distillation (simulating further weathering), summer 
LCgy values exceeded 55 ppm, and winter values exceeded 240 ppm. 


Shuba and Heikamp (1989) investigated the toxicity of chemically dispersed (Corexit 
9527, 10:1) Arabian Light and Mayan crudes to the blue crab Callinectes sapidus, the 
brown shrimp Penaeus aztecus, and the white shrimp P. setiferus. Using Arabian Light 
crude, the following 96-h LC,, values were found: C. sapidus, 49 ppm; P. aztecus, 
>18.8 ppm; and P. setiferus, 44 - Using Mayan crude, the 96-h LCg, value for 
P. aztecus was 23 ppm, and for P. setiferus, >16 ppm. 


Sublethal Effects 


Edwards (1978) exposed the shrimp Crangon crangon to 0, 5, 10, 20, and 35% WSF 
of North Sea (Brent) crude (100% WSF = 19 ppm) at three different temperatures 
(10°C, 15°C, and 20°C). Scope for growth was reduced by increased concentrations of 
the WSF at all temperatures, as was the animals’ growth rate. Neff et al. (1976) 

the grass shrimp Palaemonetes pugio to the WSF of No. 2 fuel oil (270 to 
340 ppb naphthalenes) for 28 d and observed significantly reduced growth. 


@ Conclusions. Commercially important crustacea in the study area are unlikely 
to be killed by dispersion of oil slicks in the open sea. If oil enters confined 
areas, lethality is a definite possibility. In case of significant oi] contamination 
of sediments, sublethal effects are likely in the immediate arca of the oiled 
sediments. 
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are peci of which are temperate. 
fish to oil varies widely. In general, pelagic species scem more 
i tolerant to oil (Rice et al. 1979). 


(Moles 1980). A wide variety of physiological responses of fish to oiling has been 
reported (NRC 1985). This literature has little value for predicting oil effects on fish 
and will not be further reviewed. Oil effects on fish reproduction have been covered in 


the Ichthyoplankton section of this chapter. 


Fish possess an MFO system in their liver and can metabolize hydrocarbons; both 
metabolites and hydrocarbons can be excreted in bile or through the gills. Use of the 
MFO system is not without cost. It is energetically expensive and may Icad to liver 
damage. English sole Parophrys verulus maintained on oiled sediment had very low 
levels of hydrocarbons in their tissues, but experienced high weight loss and liver 
abnormalities relative to control fish (McCain et al. 1978). There is concern that some 
metabolites of aromatic hydrocarbons may be carcinogenic. Recently, Varanasi ct al. 
(1989a,b) found PAH adducts in the liver of P. vetulus exposed to benzo(a)pyrene in the 
laboratory and in the livers of wild fish exposed to PAHs in the field. These same fish 
had a high incidence of liver neoplasia. 


Decreased growth has been observed in a number of species following oil exposure: 
coho salmon Oncorhynchus kisutch (Moles et al. 1981); cutthroat trout Salmo clarki 
(Woodward ct al. 1981); English sole Parophrys verulus (McCain et al. 1978); and pink 
salmon O. gorbuscha alevins (Rice et al. 1975; Moles and Rice 1983). Decreased growth 
has been observed at hydrocarbon exposure concentrations that are about 10% (0.1 to 
1 ppm) of acute lethal values (1 to 10 ppm) (Rice 1985). The lower part of this range 
is comparable with concentrations of oil found under major oil slicks (100 to 200 ppb), 
bul it is important to remember that these results ar: from long-term exposure experi- 
ments. 


Exposure to oil has also been associated with increased fin erosion (Minchew and 
Yarbrough 1977) and decreased rates of tissue regeneration (Fingerman 1980). 


No studies of dispersed oil effects on adult fish, other than studics of effects on 
salmon homing ability, seem to have been performed. 


S Conclusions. Acute exposure of fish to concentrations of oil expected under 
undispersed oil slicks is unlikely to be lethal to adult fish. Chronic exposure of 
fish to low levels of oil (100 to 1,000 ppb) can cause reduced growth, impair- 
ment of liver function, and increased incidence of liver neoplasia. Exposure of 
adult fish to concentrations of 5 to 10 ppm of many oils will lead to death. 


Sea Turtles 


Very little information is available concerning the effects of petrolcum on sea 
turti¢s. In a series of related experiments, Vargo et al. (1986) exposed young (3 to 20 
month) green sea turtles (Chelonia mydas) and loggerhead sea turtles (Caretia caretia) wo 
slicks of South Louisiana crude. They found that turtles can detect and avoid slicks. In 
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the presence of oil slicks, turtles tend to spend more time underwater. Feeding 
experiments yielded no evidence that turtles would selectively strike at tar balls. 


Exposure of turtles to 0.5-mm slicks for 96 h in tanks led to no alteration in 
metabolic rate (Vargo et al. 1986). There were indications of possible liver dysfunction; 
the immune system was activated by exposure to oil. The most serious response was 
sloughing off of the outer layers of skin. The skin recovered within one month. 


Exposure of turtles to a S-mm slick for 24 h produced similar symptoms to those 
seen in turtles exposed to the 0.5-mm slick (Vargo ct al. 1986). However, the responses 
were more acute. Respiration increased; some turtles were in distress. The immune 
response was greater. Salt gland function was inhibited, but recovered within two wecks. 
Skin sloughing was more severe, but healed within a month. 


Turtles lay their eggs in nests in the sand near the high-tide line. Given the cffects 
of oil on the hatchability of bird eggs, oiling of turtle nesting beaches is a major 
concern. The effects of oiling on hatchability of turtle eggs has been studied by Fritts 
and McGehee (1982). Using split clutches, they compared hatching success of Kemp's 
ridley sea turtle (Lepidochelys kempi) eggs incubated in clean dune sand and in sand 
from the nesting beach which contained weathered Inoc ] crude. There was no 
significant difference in hatching success between the two sands. 


In laboratory experiments using eggs of the sea turtle Caretta caretia, it 
was found that adding 0, 7.5, 15, or 30 mL South Louisiana crude to 4 kg of sand prior 
to incubation had no effect on hatching success of the eggs. However, adding 30 mL 
South Louisiana crude after either 28 or 42 d of incubation dramatically reduced 
hatching success (Fritts and McGehee 1982). 


® Conclusions. Exposure of sea turtles to floating oil may cause adverse physio- 
logical alterations in the turtles and make them more vulnerable to bacterial 
infection. Turtle nesting beaches should be protected from oiling while the eggs 
are incubating. 


Birds 


Birds are the most conspicuous casualties resulting from oil pollution incidents. Oil 
contamination of bird feathers damages their water-repellent properties (Kennedy 1970). 
When air trapped in the feathers is replaced by water, the bird loses buoyancy and may 
sink and drown (Holmes and Cronshaw 1977). At the same time, the insulating 

of the feathers are destroyed, and the metabolic rate must be greatly 
ncreased to maintain body temperature (Hartung 1967). When fat and other energy 
reserves are exhausted, the birds die (Croxall 1977). Tropical birds may be less at risk 
from hypothermia than temperate birds (Brown 1982). It is not clear what degree of 
oiling is required to kill birds. Some birds (e.g, Common Murres, Uria aalge, Great 
Black-backed Gulls, Larus marinus; and Razorbills, Alca torda--none of which are found 
in South Florida) seem to be able to clean themselves by preening (Birkhead et al. 
1973). Oil ingested by preening birds may cause physiological alterations similar to 
those observed in birds fed oil experimentally (see paragraph below). Robertson and 
Robertson (1982) reported that periodic oiling by pelagic tar does not affect survival or 
reproductive ability in Sooty Terns (Sterna fuscata) living on the Dry Tortugas. 


4, hological abnormalities have been observed in stranded oiled birds 
(Crom 1977; 1982). It is not clear whether these abnormalities are the 
proximate cause of death of these animals. Abnormally high levels of MFO activity 
— observed in livers of birds oiled by the Amoco Cadiz oil spili (Vandermeulen ct al. 
1978). 
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Changes in osmoregulation (Holmes 1975; Peakall et al. 1982), induction of MFO 
activity (Gorsline et al. 1981), reduced weight gain (Milicr ct al. 1978), and weight loss 
(Peakall et al. 1985) have all been observed in birds fed oil in experiments. 


Ingestion of oil can also cause temporary interference with egg laying and may 
interfere with hatchability of eggs produced by Cassin’s Auklet (Prychoramphus aleuncus) 
(Ainley et al. 1981). In this species, ingestion of 0.6 g No. 6 fucl oii had no effect on 
egg laying, but ingestion of 1 g did have an effect. 


Small quantities of oil applied to eggs can kill the embryo within. As little as | ul 
of oil can kill embryos in eggs of Mallards (Anas platyrhynchos), 20 Ll are required to 
kill embryos in eggs of Common Eiders (Somateria mollissima) (Szaro 1977; Szaro and 
Albers 1977). It is not at all clear that oiling of cggs is a serious probiem in nature. 


ts show that Prudhoe Bay crude and chemically dispersed (Corcxit 9527) 
Prudhoe Bay crude have about the same toxicity to Anas planrhynchos eggs when 
applied to the surface (Albers and Gay 1982). Pceakali ct al. (1982) have shown that 
Prudhoe Bay crude and crude/Corexit 9527 mixtures caused similar weight loss when 
inted on Herring Gulls (Larus argentamus). Butler et al. (1988) showed that Prudhoc 
crude/Corexit 9527 mixtures painted on adult Leach’s Storm-Petrels (Oceanodroma 
leucorhoa) caused greater mortality and less weight gain than Prudhoe Bay crude alonc. 


Chemically dispersed oil gocs readily into solution. It is not clear what exposure 
scenario these experiments are designed to simulate. They clearly show that prior to 


{ mixtures are about as toxic as the oil that they are made with. 
lt is not clear what insight the results of these experiments give on the interaction 
between chemically dispersed oil and seabirds in the ficld. 


@ Conclusions. Birds are likely to be affected by floating oil slicks. Chemical 
dispersion which removes the slick from the surface will reduce the risk to birds. 


Dolphins 


Little is known about interactions between dolphins and petroicum. Bottlenose 
dolphins (Tursiops truncatus) are capable of detecting Moating oil slicks (Geraci ct al. 
1983). Slicks seem to be detected visually; the mechanism breaks down at night (Geraci 
and St. Aubin 1985). Once dolphins have detected a slick, they avoid it (Smith ct al. 
1983). 


Healthy cetacean skin is important a infection. Exposure for up to 60) 
min to a gasoline-soaked sponge had no the health of dolphin skin (Geraci 
and St. Aubin 1985). 


No information is available on the effects of dispersed oil on dolphins. 
® Conclusions. Dolphins are intelligent and highly mobile, and they are abic to 


detect and avoid except at night. The major organ at risk is the skin, 
which seems to be resistant to oil damage. 
Manatees 


No information exists concerning the toxicity of oil or chemically dispersed oil to 
manatees. 
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CONCLUSIONS 
Review of the toxicological literature shows no consistent differences in toxicity 
between tropical, subtropical, temperate, and arctic ics. AS a resull, with some 


notable exceptions (discussed below), the same data that the Mincrals Managemcni 
Service uses to make regulatory decisions in other outer continental shelf areas will be 
appropriate to South Florida. 


Major injurics to plant and animal species will be expected when significant 
amounts of oil are incorporated into intertidal sediments. Effects on water column 
SE eee ee Ee ee a eee eee 
normally dispersive environments. more retentive environments (shallow-water arcas 
with sluggish circulation) which yield longer exposures to higher levels of oil, water 
column effects will become more likely. This is particularly true of exposures to 
dispersed oil. Dispersant use decisions in shallow, slow-circulating water will have to be 


of the environmeni at the expense of ily exposing water column and cpibenthic 
species to levels of dispersed oil that may be harmful to them. 


Significant data gaps and information needs identified during this review are 
summarized below, in order of priority: 


@ Manatees. No information exists on the effects of oil on manatees. 
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are likely to be the most sensitive stages of the life cycle. Data are also 
for eggs and larvae (ichthyoplankton) of commercially important finfish 
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CHAPTER 15 

THE SENSITIVITY OF 

SOUTH FLORIDA ENVIRONMENTS 
TO OIL SPILLS AND DISPERSANTS 
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INTRODUCTION 


South Florida's precious coastal and nearshore habitats are stressed by encroaching 
urban, agricultural, and industrial development. After years of exploitation by devel- 
opers and agriculturalists, there is not much left of natural Florida. Accordingly, many 
Floridians view the prospect of offshore oil and gas operations as one more possible 
source of environmental degradation. The foremost public concern is that a major oil 
spill in South Florida could seriously damage large areas of the remaining natural 
environment. 
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Sensitivity of South Florida Environments to Oil Spills 


In recent months, much attention has been drawn to and much debate has focused 
on the potential effects of oil spills on the natura! ecosystems of South Florida. The 
general public and several identifiable groups of Floridians are concerned about the 
potential damage to coastal habitats from offshore gas and oil operations and from 
tanker spills. South Florida entrepreneurs, who own tourist-oriented businesses, are 

effects that the images of a large oil spi'l in this area would have 
on the vacation plans of their potential customers. Florida fishermen are worried about 


tant species. Ecologists, naturalists, and conservationists are apprehensive about the 
long-term effects that a spill might have on the diversity and abundance of the biota 
inhabiting South Florida's complex coastlines. 


Much of the public concern about oil spills stems from large, well-known incidents 
such as the 1969 Santa Barbara Channel blowout (Straughan 1971), the 1979 Ixtoc / 
blowout in Mexican waters (Atwood and Ferguson 1982), and the 1989 Exxon Valdez 
tanker spill in Prince William Sound, Alaska (National Response Team 1989). The 
Exxon Valdez spill is of particular interest because it has highlighted problems with oil 
spill response, including inadequate contingency planning, general complacency duc to 
the large number of accident-free shipments of oil through the area, and primitive oil 
spill cleanup procedures and technologies (National Response Team 1989). 


The purpose of this chapter is to evaluate the sensitivity and vulnerability of South 
Florida’s coastal habitats, based on information that is available about effects of oil 
Spills on similar cosystems and communities in other areas. Aficr our evaluation of 
the potential hazards of oil spills on the typical community types found in South 
Florida, we will then consider the effects that a large spill might have on cach of the 
major geographically and ecologically distinct subdivisions of the South Florida arca. 
After that, we will address the need for further research which might fill in some of the 
gaps in our knowledge about the long-term effects of oi! spills on tropical and sub- 
tropical marine communitics. 


In the following discussions of oil spill effects on shallow-water and coastal com- 
munities typical of South Florida, attention will be focused on how damage at lower 
levels of ecological organization, i.c., individuals and populations, affects community 
Structure and function. This information could be useful in determining the potential 
effects of oil spills if it were incorporated into ecosystem models, such as those presen- 
ted by Schomer and Drew (1982) for cach of the major natural subdivisions (“ecological 
zones") of the coastal region of South Florida (e.g., Figure 15.1). The predictive valuc 
of energy- and materials-flow models would be greatly increased if we had a better 
understanding of how oiling affects the species, populations, and assemblages thai 
inhabit each of the ecosystem subcomponents. 


VULNERABILITY AND SENSITIVITY TO SPILLED OIL 


The concepts of habitat vulnerability and sensitivity to oiling are easily defined" (as 
in Vandermeulen and Gilfillan 1984), but the actual ranking of habitat types and species 
on scales based on these definitions is dependent on a wide range of factors that are not 
easy to predict. The vulnerability of a habitat type depends on its geographic location 
and its position in the intertidal or subtidal zones, and thus its likelihood of coming 
into contact with petroleum hydrocarbons (PHC). Habitat vulnerability is increased in 
quiet lagoonal backwaters where flushing is poor and in areas adjacent to turbulent surf 
zones On Open coastlines where oil may be mixed into emulsions within water (The 
International Tanker Owners Pollution Federation, Lid. 1986; Marshall and Batista in 


VAs used here, “vulnerability” is the likelihood of coming into contact with ou or hydrocarbons, and 
“sensitivity” is the degree of damage an organism, population, community, or system is likely to incur 
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gh the Florida Bay/mangrove island ecosystem (From: Schomer and 


Figure 15.1. Summary diagram of energy flow throu 
Orew 1982). 


Sensitivity of South Florida Environments to Oil Spills 


prep.). Floating oil may also combine with suspended particles, thereby increasing the 
oil's specific gravity to the point at which it sinks in seawater. When this happens, 
subtidal environments become vulnerable. Marine, shallow-water habitats and their 
resident species should be less vulnerable in offshore and open coastal areas with strong 
currents and high flushing rates, during calm weather. 


Sensitivity is determined by the species mix of structural and structure-inhabiting 
species and the degree of toxic damage or effect that cach species is likely to incur. It 
has been concluded, based on an extensive survey of the available literature, that all 
Organisms are sensitive to oiling and that no known organism can actively exclude 
hydrocarbons from its tissues (National Research Council [NRC] 1985). Structural 
Species such as the tree species that are commonly found in mangrove forests, the dense 
mats of algae and sessile animal species on mangrove prop roots, the algae and sessile 
animals of reef flats, the coral species that form the living framework of a coral reef, 
and the seagrass and algal species that define seagrass meadows are all variously 
vulnerable and sensitive to spilled oil. Single oil spills, such as the Bahia las Minas sj. 
in Panama (Jackson et al. 1989), have killed mangrove trees, mangrove prop root fauna, 
corals, and seagrasses. 


PHYSICAL AND CHEMICAL PROPERTIES OF OIL 


The physical and chemical properties of spilled oil play a large role in determining 
habitat vulnerability and sensitivity. Weathering of oils includes a number of physical 
and chemical changes (sce Chapter 3). The processes involved in weathering act 
simultaneously, but their relative importance changes during the lifetime of an oil slick 
(The International Tanker Owners Pollution Federation, Ltd. 1986). Weathering 
processes include spreading, evaporation, dispersion, emulsification, dissolution, oxida- 
tion, sedimentation, and biodegradation. An understanding of the way in which 
weathering processes affect habitat vulnerability and species sensitivity is essential in 
predicting the effects of oil spills on ecological communities. This need is usually not 
recognized by the ecologists who do biological impact studies or by petroleum chemists 
who are concerned only with the weathering process with respect to changes in oil 
composition. 


Odum (1972) modeled oil spilled into a generalized marine ecosystem in an attempt 
to show the fate of oil as a function of time (Figure 15.2). His model predicted that 
large amounts of oil would dissolve in seawater, and that other fractions would be 
deposited in the sediments. Benthic communities could come into contact with oil by 
these two routes. The biological fate and effects of the oil fractions considered in 
Odum’s model are complex and vary with trophic levels (Ganning ct al. 1984). These 
interactions need to be considered in all oil spill-related research. Most recent research, 
including field experiments and post-spill followup studies, that is applicable to the 
South Florida area cannot be used to accurately predict the effects of a large oil spill in 
an area containing complex and interacting ecosystems. This should be evident from the 
ensuing discussion. 


STUDIES OF EXPERIMENTAL AND ACCIDENTAL OIL SPILLS 


There have been numerous laboratory studies of oil effects on corals (Eisler 1975; 
Knap et al. 1983; Dodge et al. 1984; Knap et al. 1985; Knap 1987), mangroves (Getitcr 
et al. 1983; Getter and Ballou 1985; Lai and Feng 1985; Teas et al. 1987), and sea- 
grasses (Thorhaug and Marcus 1985, 1987a,b,c; Thorhaug et al. 1986). These are 
generally viewed as low in realism; that is, they provide limited information upon which 
to judge the ways in which oil and dispersants might affect complex communities under 
natural conditions (Burns and Knap 1989; Jackson et al. 1989; but see Chapter 14 and 
Vandermeulen and Gilfillan 1984 for a different point of view). 
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Figure 15.2. Change in state and location of oi in pelagic, intenidal, and subtidal habitats with time (From: Ganning et al 
1984) 


Sensitivity of South Fionda Environments to Oil Spills 


Actual field experiments involving oil and dispersant usage arc few in number. 
Major field experiments have typically focused on a single habitat type and have ignored 
potential effects on adjacent habitats. Lai and Feng (1985) dosed mangroves in 
Malaysia with various oils and dispersant combinations, with the finding that oil, 
whether dispersed of nol, was very toxic to mangroves (Avicennia) in Static OF Scr .-Static 
laboratory conditions. Toxicity in the ficid was lower duc to tidal Mushing. Le Gore ct 
al. (1983) treated corai reefs in the Middle East with oil and dispersants, and found 
little effect on survival, growth, and recruitment. The experiment, however, was highly 
unrealistic in that corals were exposed to oil and/or dispersant for very short periods 
(either 1-day or 5-day exposures). In Panama, corals in shallow (<6 m) water have 
been repeatedly exposed to oil, in various stages of weathering, from the Bahia las 
Minas oil spill for at least 2.5 years (Guzman ct al. in review). 


The American Petroleum Institute (API) dispersant project (Ballou ct al. 1987) in 
the Laguna de Chiriqui, Panama has been the most comprehensive ficld experiment to 
date in that oil effects on mangroves, scagrasses, coral reefs, and the other fauna and 
flora of cach habitat type were monitored together in pre- and post-treatment sampling 
programs. The project's chief purpose was to obtain experimental data to determine if 
the use of chemical dispersants would reduce or exacerbate adverse cffects of oil spills 
UPON sensitive tropical environments. The experimental approach was intended to 
simulate a “severe, but realistic, worst-case scenario” of two large spills of fresh crude oi! 
in nearshore watcrs--one treated with chemical dispersants and the other Ieft untreated. 
The combined experiences of the authors with oil spills were used to determine oil 
amounts and dispersant jon rates. They agreed that the experimental design 
resulted in “strong tests" of the potential effects of both oil and dispersant-ireated oil. 
The dispersant-treated oil experiment represented procedures that are not recommended, 
in that dispersant-use strategies call for treatment of oil slicks in deep water only. (This 
recommendation is not always followed, for example, dispersants were used to treat oil 
slicks located just offshore from the Bahia las Minas, Panama, Refincria Nacional- 
Texaco oil refinery in an area of shallow coral reefs, seagrass meadows, and tropical 
mangrove forests (Cubit et al. 1987]). 


The API project used Prudhoe crude oil and a commercial nonionic glycol ether- 
based dispersant concentrate. The experiment was directly applicable to the i 
menial site because Prudhoe crude oil is pumped across Panama from tankers in Puerto 
Armuciles (on the Pacific coast) to the Laguna de Chiriqui (on the Atlantic coast) 
where it is reloaded into tankers. A recent spill of crude oil (190,000 to 240,000 L 
during November 1989) into the Laguna de Chiriqui from pipelines owned by Petro- 
terminal de Panama, S.A. oiled mangroves and threatened seagrass meadows and 
subtidal reef corals (H. Guzman, Smithsonian Tropical Research Institute, pers. comm. 
1989 to M. Marshall). 


Oil and oi ta tion rates in the API study were predetermined to yield 
concentrations of 50 ppm. oil-only treatment defoliated and killed mangrove trees, 
reduced the abundance of mangrove-associated marine snails, and altered the vertical 
distribution of tree snails. Oysters that were attached to mangrove roots survived, with 
tussue hydrocarbon concentrations of 678 ppm. Afier the dispersed-oil treatment, at a 
separaic site, no measurable effects were detected on adult trees, but short-term survival 
and growth of juvenile mangroves were reduced compared to pretreatment levels. 
Marine snail abundances were reduced by about 50% after treatment, with recovery to 
pretreatment levels occurring after one year. Mangrove oysters also survived the 
dispersed-oil treatment despite high concentrations (S06 ppm) of hydrocarbons in their 
tissues. 


Sensitivity of South Florida Environments to Oil Spills 


options developed from the API study 
experimental results. Their discussion suggests that although dispersants do protect 
mangroves, they should not be used over shallow-water coral and scagrass Communitics. 


preliminary results of the Bahia las Minas ou spill study (Jackson ct al. 1989) 
in the API study, ic., oil-in-water emulsions 

of huge amounts of oil in mangrove forest 
done to subtidal benthic communitics by 

crude oil. Toxic volatile compounds in oil, which normally evaporate rapidly, can be 
over emulsions (NRC 1985). Suspended sediments may 


| 


adhere them 

specific gravity. sinking oil with many highly toxic volatile components still 

present may subtidal organisms. The results of the API experimental 
in protected lagoons, or on shallow 

and where emulsions are not likely to be 


concentrations in the API study may have been realistic, but the amovat of oil 
same effect as a large spill. Tens of thousands of litcrs 

i slowly released from, heavily oiled mangrove 
forests. After a major oil spill in the tropics or subtropics, scagrasses and coral recfs 
imes whenever weathered oil washes out of oiled mangrove 
forests. Oil buried in anoxic mangrove sediments may weather at a very slow rate. 
Judging from the differing results of the API experimental oil spill study with one year 
of followup studies (Ballou et al. 1987), and studies of the accidental Bahia las Minas 
spill (Burns and Knap 1989, Jackson ct al. 1989, Cubit and Burgett in press; Guzman ci 
al. in review, Marshall and Batista in prep.), it would be very difficult to design and 
implement realistic field experiments. A realistic design for a tropical oil spill would 
necessitate the application of oi] to corals and seagrasses over a period of many months 
or even years (Burns and Knap 1989, Guzman et al. in review). 


EFFECTS ON SELECTED ENVIRONMENTS AND BIOTA 


A number of authors have reviewed the litcrature on the effects of spilled of! on 
tropical coastal systems including mangrove forests, coral reefs, scagrass meadows, sali 
marshes, and rocky intertidal habitats (Getter et al. 1981; Baker 1982; Lewis 1983, 
Ganning ct al. 1984, Vandermeuien and Gilfillan 1984, NRC 1985). Other spills have 
occurred since the publication dates of these reviews, and we have added this iafor- 
mation to tables, taken from the NRC (1985) summary and Loya and Rinkevich (1980), 
for mangrove forests and coral reefs, respectively. A table which summarizes cil spill 
effects On scagrass communitics is included in this section, because several highly 
informative studics on these important ccosystems warrant the cffort. 


S 
z 
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: 
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Mangrove Forests 


Mangroves are generally the most vulnerable and may be the most sensitive of 
coastal habitat types in Florida waters and throughout the tropics. (Defoliated and dead 
mangrove trees are also more noticcable than are the more “subtic,” but equally Iethal, 
effects of oil on subtidal organisms). This has been repeatedly demonstrated by the oil 
spills summarized in Table i$.1. Of the 14 cases summarized in Table 15.1, substantial 
numbers of mangroves were reported to have been killed in 10 cases; wees were 
reported to have been defoliated and recovered in one case, and to have been iittle 
affected in only two cases. Damages to mangroves are under study in the remaining 
case. More rigorous and longer-term followup studies may have produced differing 
results in the spills listed in Table 15.1 in which little effect was noted. Studies of oil 
spill effects on mangrove forests range from anecdotal accounts (i.c., Diaz-Piferrer 1962) 
to more thorough studies of both initial effects and long-term recovery processes (i-c., 
studies of the Zoe Colocotroni oil spill site in Puerto Rico [Nadeau and Bergquist 1977, 
Page et al. 1979, Gilfillan et al. 1981)). 


Mangroves, including aduit trees, secdlings, and propagules, are extremely sensitive 
0 Oiling (¢.g., Teas et al. 1989). Mangroves are found in the intertidal zone, and their 
prop roots and pneumatophores (specialized structures which allow the trces to grow in 
the anoxic and highly saline sediments that are typical of the forest floor [Odum ct al. 
1982]) are commonly heavily coated by spilled oil. A coating of oil on these structures 
may disrupt Oxygen transport to underground roots. Critical concentrations necessary 
for crude oil spills to Cause extensive damage range from 100 to 200 mL/m? of sediment 
surface (Odum and Johannes 1975). Defoliation and death of oiled trees are the most 
obvious signs of their high sensitivity to big doses of oil. Many sublethal effects have 
also been detected; these include stunting of trees and propagules, Ienticel expansion, 
root mortality, and various types of leaf deformities (Getter et al. 1981). 


In a recent study of the uptake and effects of petroleem hydrocarboas on the red 
mangrove Rhizophora mangle, Thomas (1987) experimentally subjected reproductively 
mature trees to varying concentrations (100, 375, and 650 gm/m*) of mineral, lubricating, 
and crude oils representing different levels of refinement. Thomas demonstrated the 
selective uptake (in juvenile and mature leaves, and twigs) of a variety of hydrocarbons, 
mainly the aromatics, and showed that the effects were statistically related to the specific 
composition of the oil, reflecting the degree of refinement, or viscosity, the treatment 
concentration, and the duration of exposure. The deleterious effects on the mangroves 
were attributed to the toxicity of the aromatic fraction as opposed to the aliphatic 
fractions which were also assayed. Thomas’ (1987) set of laboratory experimental results 
contrasts with the ficld experiments reported by Ballou et al. (1987), whose group did 
not report any significant uptake of hydrocarbons in mangrove leaf material following an 
experimental controlled spill in Panama. A principal conclusion in the Thomas study is 
that the aromatics are taken up more easily than aliphatics, and that the total uptake of 
aromatics is proportional to their concentration in ‘be oil which is a function of the 
level of refinement. Thus, uptake by mangroves of aromatics from crude oil is greatest 
because of its relatively high concentration of aromatics. Mineral or lubricating oils are 
refined products and have lower aromatic concentrations. 


The many animals that inhabit mangrove forest floors and/or mangrove prop root 
habitats are also vulnerable due to the intertidal and protected location of their 
environment. They are sensitive to the toxic effocts or smothering properties of oil, to 
the loss of mangrove habitat, to decreased supplies of mangrove leaf litter and detritus, 
and to changes in the physical properties (¢.g., temperature) of the mangrove forest 
floor following the death of large expanses of forest. 
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Table 15.1. Effects of oil spills on mangroves (Adapted from: National Research 
Council 1985). 
saeentieiemmmettiimmemen 
Spill Amount Spilled Mangrove Species Reported Effects Reterence 
1962, ARGEA 10.68 million iters Unidentified Virtual destruction Diaz-Piferrer (1962) 
PRIMA. Guanica. 
Puerto Rico 
1968, WITWATER. 3.18 million liters Ahir . phore mangle Death of young ier and | Somer 
near Galeta isiand, diesel oil and anc Avicenma sp mangroves, 108s of (870), Br 
Panama Bunker C and 76) 
algae on roots 
(loss 
months after spill) 
sore break fart At least 15.9 million A. marina Defoliation, but Spooner (1970) 
ond Sey. crude many trees survived 
1971, SANTA 12.5 million liters R. mangle 5 he Lewis (1979a.b). 
AUGUSTA, St ¢ - little or = Lewis and Haines 
Crox, U.S. vegin no recolonization (1980) 
islands after 7 yr 
1373 Zz 5.34 million liters R. mangle and Death of adult trees Tosterson et al 
OLOCOTRONI, Venezuelan crude A. germinans (red and black) 1977), Nadeau and 
we Rojo, Puerto over 10 to 27 ha rgquist (1977) 
Rico area within 3 yr et al (1979) 
Gilfillan et ai. (1981) 
1975, GARBIS, 0.24 to 0.48 million A. mangle and Death of Chen (1976, 1977), 
Florida Keys liters crude a germane mangrove seedings VAST/TRC (1976) 
on Bleck mar —+—F 
1975. SHOWA 8.6 million iters Sonneratia sp. and Unquantified Baker (1981). 
MARU, indonesia § Arabian Light, Berri, Rhizophora sp number of dead Baker et al. (1981) 


1976 oO 
rupture (pus 
Christ ™ an 


1976, ST. PETER. 
Celombia/Ecuador 


1977 co: 
yooods, u u 
Bay, P verte Rico 


1978 PECK SLIP 
barge, Puerto Rico 
1980, FUNIWA 5, 


offshore oil weil, 
Nigeria 


1986, Refineria 
Panama Bahn las 
Minas, Panama 


60,000 liters crude 


38.71 million liters 
cargo; unknown 
quantity spilled 


159.000 liters 
Venezuelan crude 


0.15 m Eon liters, 
20% d 


S0% Bunker Cc 


16.65 to 17.41 
million liters 
Bunker C 


31.8 million liters 
cr 


8.0 million liters 


A. germinans 


Rhizophora sp. and 
Avicenma sp 


R. mangle 


R. mangle, 
A. germinans, and 
uncularia 


emosa 
R. mangle 
R. racemosa. 


A. africana, and 
L. racemosa 


R. mangle 


trees, both species, 
reatest effects 2. 
ed bays 
crabe and on 


oiled. sediments 
afterward 


roves burned 
to remove oiled. 
uncieaned trees. 
recovered after 
emunor defoliation 


No noticeable 
long-term effects. 
temporary decline 
in fishery and clam 
harvesting 


Damage to 


mangrove species; 
root hes 


acter od me mangrove. 
crab, mollusc, and 
epiphyte population 


Under study 


Death, defoliation of 
mangrove trees. 
mangrove prop root 
community 
destroyed 


Holt et al. (1978) 


Jernelov et al 
(1976), Jerneiov 
and Linden oe. 
Hayes (197 


Lopez (1978) 


Gundlach et al 
(1979a are et 


Hobie” shea 


jpnedeher 
pH al. (1 


Gundlach et al 
1979b), Robinson 
1979) 


ai ay isteiqenee 


or (961). 
oe Gi illan 
(unpubl. data) 


Cub et al. (1987), 
Jackson et al 
1989), Teas et a! 
1989) 


eas 
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In the 1973 Zoe Colocotroni oil spill, both the red mangrove Rhzophora mangle and 
the black mangrove Avicennia nitida were defoliated and slowly killed during the three 
years following the spill. Propagules that sprouted rapidly in the oiled mangrove forests 
died as their cotyledenous reserves were used up (A. Lugo, Institute of Tropical 
Forestry, Puerto Rico, pers. comm. to S. Snedaker). Also, in the spill litigation, much 
confusion surrounded the question of differential mortality, due to an unpredictab‘e 
interaction between oil and natural hypersalinity (Puerto Rico vs. M/V Zoe Colocotron:: 
see Commonwealth of Puerto Rico... 1973, 1978; Lugo et al. 1981). High levels of 
sediment PHCs were still present in the soil in the affected areas three years after the 
spill (Nadeau and Bergquist 1977). A survey of PHC distribution patterns four years 
after the spill, indicated that Zoe Colocotroni oil was still present in the soil but that its 
characteristics had changed greatly (Page et al. 1979). Damage to the infaunal com- 
munities associated with red mangroves (R. mangle) was still evident from samples 
collected during 1978 and 1979 (Gilfillan et al. 1981). Red mangroves had not yet 
recovered in these areas. However, some evidence of infaunal community recovery was 
evident in sites where oil concentrations exceeded 80,000 ppm. The authors suggested 
that the biological activity of this weathered (5 to 6 years post-sp'll) oil was very low. 
Capitellid polychaetes, often considered to be opportunistic species and indicators of 
pollution, were more abundant at the oiled red mangrove stations than at conirol sites. 
Amphipoda, which have proven to be sensitive to exposures to oil in other environ- 
ments (¢.g., den Hartog and Jacobs 1980), were present at most reference sites and 
absent at all oiled sites. These observations suggested that weathered oil retained in the 
mangrove forests still had an effect on infauna in the forest floor. 


Based on (1) a review of 27 oil spills in the Caribbean and Gulf of Mexico (Getter 
et al. 1980a), (2) a number of independent studies (Odum and Johannes 1975; Chan 
1977; Gundlach et al. 1979a,b; Page et al. 1979; Getter at al. 1980b; Hayes et al. 1980; 
Lugo et al. 1981; Snedaker et al. 1981), and (3) more recent experimental works (Jagtap 
and Untawale 1980; Getter 1983; Ballou et al. 1987; Thomas 1987), the state of 
knowledge concerning Oil spills in mangroves can be summarized as follows: 


@ Mangrove mortality is highest among propagules, seedlings, and juvenile 
trees, presumably due to their proximity to the oil spill surface, and the 
potential for heavy oiling. However, Lugo et al. (1981) suggested that 
mangrove seedlings may be more stress-resistant than adult trees, based, in 
part, on their observations and the physiological differences reported by 
McMillan (1974). 


@ The reported rapid mortality of immature and mature mangrove trees 
following a spill is probably due to mechanical suffocation and the cessation 
of gas exchange associaied with the rhizosphere. This is, however, some- 
what equivocal becaus¢ ‘n 2 iaboratory experiment using fresh pneumato- 
phores from A. germinans, nitrogen gas (the major constituent of the 
atmosphere) was still able to be transported through the treatment oil film 
covering the test pneumatophores (M. Brown, Rosenstiel School of Marine 
and Atmospheric Science, pers. comm. 1986 to S. Snedaker). 


@ Both delayed mortality and a delayed expression of siress symptoms may 
occur over a one- 10 two-year period following an oil spill for reasons that 
are not clearly understood, but which may be related to the persistence of 
toxic aromatic compounds in sediments. 
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® Mortality and acute damage, as well as long-term chronic stress, can be 
correlated with the topographic location of the accumulation of oil, and the 
subsequent effectiveness of tidal flushing of oiled surfaces (Figure 15.3). 
Thus, in Southeast Florida and the Florida Keys, basin forests which are 
infrequently inundated, and salt pond complexes and dwarf forests which are 
inundated only seasonally, represent the worst-case habitats with respect to 
both oil spills and natural cleanup (sce also Odum and Johannes 1975). 


@ Transformation and the continual release of oil and oil fractions from 
sediments via “bleedwater” (Mackin 1950) into nearshore marine environ- 
ments occur over a period of years following a spill. This is one topic that 
has not been adequately researched due to the emphasis placed on acute 


post-spill consequences. 


® Refugee oil in surface slicks and in sedimented oil has the ability to 
scavenge and concentrate pesticides (Seba and Corcoran 1969, Hartung and 
Klingler 1970). This chemical scavenging and concentrating process could 
also result in other kinds of toxic organic compounds being incorporated 
and retained in refugee oil. 


@ Although some workers have reported an apparent stimulating effect of oil 
On mangroves (¢.g., Page et al. 1979, Thomas 1987), Thomas argues that any 
deviation from the normal condition is an indication that the oil interfered 
with normal growth processes and development patterns (sce also Getter 
1983). 


@ The various experimental works that are, at least superficially if not in 
substance, in conflict with one another prevent drawing specific conclusions 
about how oil affects mangroves over a range of antecedent and actual spill 
conditions. In this regard, it seems that the underlying reason for the many 
conflicting research results and conclusions is that oil-cffects-type experi- 
ments and observations are highly dependent on, and controlled by, the very 
specific techniques and procedures. 


In summary, it can be stated that oil adversely affects mangroves and elicit responses 
ranging from mortality to chronic sublethal stress. Also, the immediate post-spill acute 
effects may be less consequential than the long-term chronic effects. However, the topic 
of long-term effects is only beginning to be addressed by the scientific community. 


A long-term study of mangroves oiled by the Refineria Nacional oil spill into Bahia 
las Minas, Panama is underway (N. Duke, mangrove forest scientist-in-charge, Oil Spill 
Project, Smithsonian Tropical Research Institute, pers. comm. 1989 to M. Marshall). 
The initial effects of this spill on the mangrove forest, as described in Cubit et al. 
(1987) and Jackson et al. (1989), included rapid die-offs of oiled red mangroves in 
riverine and channel habitats (Photograph 15.1). Amounts of bare space on submerged 
mangrove roots, in these same areas, increased greatly as epibiota died (Table 15.2). In 
some cases, formerly submerged roots and their associated prop root communities were 
lifted out of the water as mangrove limbs straightened in response to the change in 
loads caused by complete defoliation. 
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Fiqure 15.3. Patterns of oil accumulation in different mangrove torest types (From 
onedaker and Getter 1985). Damage to mangroves depends on the 
pattern of owing, which differs sigqnihcantly among manarove torest 
types 
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Table 15.2. Abundances of major organisms on Ahizophora prop roots before and 
after the Bahia las Minas oil spill in Panama (From: Cubit et al. 1987). 
N is the number o! roots sampled. 


Percent Coverage 


Jul 1986 
Habitat and Sep 1981 Jan 1982 Jun 1982 Uno! led Oiled 
Organism Mean (Range) Mean (Range) Mean (Range) Mean (Range) Mean (Range) 
Riverine 
Mytiiopsis 
Alive 53 (0-86) 47 (0-80) 49 (0-81) 32 (0-90) 0 
Dead 1 (0-12) 11 (0-75) 
Baianus 
Alive 6 (0-75) 18 (0-90) 2 (0-18) 11 (0-82) 0 
Dead 0 3 (0-33) 
Algae 7 (0-22) 9 (0-41) 6 (0-14) 10 (0-62) 0 
Bare 30 (0-99) 20 (0-95) 40 (7-89) 25 (0-95) 8S (5-100) 
" 51 49 25 92 100 
Channel 
Crassostrea 
Alive 46 (0-80) 56 (0-96) 62 (0-100) 36 (0-100) 0 
Dead 0 21 (0-100) 
lsognomon 
Alive 6 (0-20) 5 (0-16) 3 (0-12) 2 (0-16) 6 (0-63) 
Dead 2 (0-18) 
Mytiiopsis 12 (0-30) 11 (0-28) 8 (0-24) 6 (0-82) 4 (0-35) 
Branchidontes 2 (0-15) 2 (0-12) 3 (0-12) 6 (0-53) 1 (0-6) 
Balanus 15 (0-30) 10 (0-32) 9 (0-36) 6 (0-26) 1 (0-21) 
Algae 1 (0-10) 2 (0-8) 3 (0-12) 8 (0-87) 7 (0-71) 
Bare 13 ¢(0-100) 10 (0-100) 10 (0-10) 1% (0-81) 6 (0-45) 
Diatoms 17 (0-300) 29 (0-100) 
N 48 46 25 100 100 
Qpen Coast 
Diatoms 25 «(G-100) 5 (0-55) -° 70 (8-100) 
Sponges 5 (0-40) 6 (0-54) -e 1 (0-78) 
Hydroids 
Alive 5 (0-465) 3 (0-22) .* 2 (0-80) 
Dead .* 3 (0-55) 
Foliose 
Algae 29 (0-100) 47 (0-100) -* 21 (0-100) 
Bare 32 (0-100) 31 (0-100) -° 2 (0-25) 
~ 50 50 100 


571 


cLs 


Photograph 15.1. Damage to mangroves from the 
Bahia las Minas spill, Panama. Dead mangrove 
trees form a band about 8 to 100 m wide marking 
the area where oil accumulated as it entered the 
mangrove forest. A band of defoliated trees 

was apparent within two months after the spill 
and widened thereafter. Photo by Carl Hansen, 
Smithsonian '!nstitution Office of Photographic 
Services. 


Photograph 15.3. Oiled intertidal seagrass meadows 
in Bahia las Minas. Several intertidal seagrass beds 
died; roots, rhizomes, and leaves washed away, along 
with the sediments they consolidated. Photo by 

Carl Hansen, Smithsonian institution Office of 
Pihnotographic Services. 


Photograph 15.2 Underwater view of the coral 
Siderastrea radians partially killed by oil from 

the Bahia las Minas spill. The central, light- 
colored area is skeleton devoid of living tissue. 
Aigal colonization has begun on some areas in the 
dead skeleton patch. Photo by Carl Hansen, 
Smithsonian institution Office of Photographic 
Services. 


Photograph 15.4. Oil on the intertidal reef flat at 
Punta Galeta. The Smithsonian Tropical Research 
institute Galeta Marine Lab can be seen in the 
background. Photo by Carl Hansen, Smithsonian 
Institution Office of Photographic Services. 
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Experimental plantings of seedlings by Getter soon after the Bahia las Minas spill 
were not successful in oiled arcas (Jackson ct al. 1989). Teas et al. (1989), however, 
have reported success in replanting propagulcs and nursery-grown mangrove secdlings in 
forest areas killed by the Bahia las Minas spill. Rhizophora propagulcs pianted in oiled 
areas, at three-month intervals aficr the spill, as a test of reforestation procedures, did 
not survive at any oiled site until nine months had passed (Teas ct al. 1989). Survivor. 
ship suddenly increased in propagules planicd at nine months pest-spill. Seedlings 
planted at six months after the spill survived, but growth was more rapid for seedlings 
planted at later dates. Despite these and other successes in reforestation, it is important 
to remember that the reestablishment of a fully functioning mangrove ccosysiem 
requires the parallel recovery of all its natural component specics (Vandermeulcn and 
Gilfillan 1984), including the algae and animals of the prop root communitics, the 
forest floor inhabitants, and the arboreal species. Recovery to a fully functioning state 
may not be possible until PHCs are degraded into non-toxic Compounds, as was 
indicated by an infaunal study (Gilfillan ct al. 1981) that provided evidence of incom. 
plete recovery of the forest-floor infauna at five vears after the Zoe Colocotroni spill 


Coral Reefs 


Until recently, subtidal corals were thought to be invulnerable to oiling, based on a 
review of oil spill incidents up to 1975 (Johannes 1975). Lova and Rinkevich (1980) 
and Vandermeulen and Gilfillan (1984) cited later studies that strongly refuted 
Johannes’ (1975) assertion that “there appears to be no evidence that oil floating above 
reef corals damages them.” The carlicr ficld studics on which Johannes based his 
conclusion were largely anecdotal in nature in that they did not include investigations 
into any of the possible subicthal effects or long-icrm icthal cffects of oi on corals 


Recent investigations concerning the effects of oil spills on coral reefs (summarized 
in Table 15.3) have shown that oil can kill or damage corals through exposure routes 
that were not considered in carlicr studics. Intertidal corals can be smothered by direct 
contact with oi! (Johannes et al. 1972; Jackson ct al. 1989), whereas corals located at 
greater depths may be affected by water-soluble components from oil slicks passing over 
coral reef communities (Vandermeulen and Gilfillan 1984). The formation of stable 
oil-in-water emulsions provides a third route of oil contact with deep subtidal corals in 
areas where rects and reef crests are exposed to waves and strong currents (Bak and 
Elgershuizen 1976; Marshall and Batista in review). Entrained oil dropicts (as described 
in Nadeau and Bergquist 1977) may be carried to coral polyps by currents or wave. 
created turbulence. Oil may also sink when particies of sediment or organic maticr 
adhere to the oi (The International Tanker Owners Pollution Federation, Lid. 1986, 
Guzman ct al. in review). Heavy crude oils such as Venezuclan crudes, which have 
specific gravities near 1.0, require the addition of only very small amounts of suspended 
particulates to exceed the specific gravity of scawater (approximate’y 1.025). Mousse 
(water-in-oil emulsions) can also be sunk by similar small additions of particulatc 
matter. The formation of a mousse displaces oil and replaces it with scawater, thereby 
increasing specific gravity. Adhesion of a sufficient amount of suspended sediment 
particles may then sink the mousse. Oil stranded on sandy shorclines may become 
mixed with beach sediments and, if this mixture is then washed off the beach, it may 
sink (as observed by Diaz-Piferrer 1962 at the Argea Prima spill site) and come into 
contact with subtidal coral communities. Bleedwater (water containing PHCs that 
leaches from oiled sediments) may be an additional pathway by which ncarshore corals 
can be oiled. The long-term effects of bleedwaters (Mackin 1950), which may carry 
PHC fractions from oiled mangrove forest-floor sediments into nearshore marine 
environments, on corals and other tropical shallow-water biota are unknown 
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Table 15.3. Effects of oil spills on coral reefs (Adapted from: Loya and Rinkevich 


1980). 

Spall Amount Spulied Reported Effects Retevence 
World Wer 4. Japtan Unknown porous rocks Johannes (1975) 
island (Enewetas) and near the 

remains of the sti! 

heavily tarred in 1974 
World War t several Unknown No effects reported Dennis (1959), US 
tankers. Gulf of Mexico Coast Guard (1959 
and Carnbbean 1969) 
World War ti. Ory Unknown Y oves of 4 Odum and Johannes 
cnpes i Ds a 
1962, ARGEA PRIMA, 10 68 muilhon ifers Mortaites of adult and Dvaz-Pderrer (1 962) 
Puerto Rico lobsters. 

crabs, sea urchwns see 

star's. sea Cucumbers 

motiuscs. and fish 

Thalassia beds 

Gegenerated rocky 

areas Genuded of 

agae extensive 

Gamage to mangrove 

swamp habdat 
1964. BROTHER 05 muthon iters Possible mortaites of Jaap et al (1989) 
GEORGE, Ory Acropora paimata 
Tonugas 


1966. BRITISH 
CROWN, Persian Guill 


1967, R C. STANER, 
Wake island Pac#ic 
Oc@ean 


1968. OCEAN EAGLE 
San Juan, Puerto Rico 


1968 WITWATER 
Galeta island. Cena! 
Zone 


1970. ENNERDALE 
Seychelles 


1970 break 
Tarut Boy Seud: 


Arabue 


Unknown 


21 36 mithon ers tu 


15.90 million iters 
Arathan ght crude 


No effects reported 


About 2 500 kg of reet 
fish killed and 
stranded large 
mortaites of moliuscs 
and see urchuns 


No effects reported 


Many mortantves 

interida! 
organisms due to ov 
and emuister 


non (1971) 
-Smath (1973) 


Gooding (1971) 


Spooner and Spooner 
(1368) 


Cerame Vives (1968 


Rutzier and Sterrer 
(1970) 


Nelson Sma@th (1973 


Spoomy (1970) 
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Table 153. (Continued) 
Soui Amoum Spriied Reported E*ects Reterence 
1870. OCEANIC 122 muilhon iMers crude No detrimental effects Smansomen insttution 


GRANDEUR, Torres 
Strat. North Greet 
Barner Reet 


‘S70. unknown tanker 
meer Pennesamp Core! 
Reet State Part 
Fionda Keys 


‘S71 MV SOLAR 
TRADER West Ff evu 
_ er oune slends 


'974 SYGMA 
Stocaton Bight east 
oast of Austrave 


‘975. MV 
INDE RBANK Fanning 
Atot Pect« Oc3ean 


'975 GARBIS Strats 
“+ ores 


‘SOS 1979 two c 
termonels Edat Red 
See ‘sree! 


‘OA Bere ias Viernes 
Hetrnene Necrone 
Paneme tan’ farure 


Unknown. sick 121 brn 
long. 0 BO km wide 


0 55 mulhon iers tue! 
aNd lubricating ovs 


* o4 to 0 an Mmeelhon 
fers crude 


Vany smell scale ov 
splls vaerrous tankers 
crude ov) 


BO mulhon Were TOS 
venezveian and JO*X 
Mew an crude 


on corals and 
assoc ated fauna good 
subsequent rec owery 


No apperent effects 
MO apparent strandeng 
of Ovi 


Numerous deed 
oDsters and ciams 
survey 8 mo aflerweard 
reported large e'ge 
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Sensitivity of South Florida Environments to Oil Spills 


Reef corals readily take up hydrocarbons from seawater (c.g, Burns and Knap 1989) 
but, when placed in hydrocarbon-free seawater, they are slew to deptrate. Certain coral 
species (e.g., Siderastrea siderea in Photograph 15.2) have proven to be highly sensitive 
to absorption of oils’ toxic compounds, to ingestion of oil droplets from oil-in-water 
emulsions, or to smothering by oil (in intertidal locations). 


Long-term sublethal effects (e.g., changes in fecundity in adult corals) and lethal 
effects (e.g., death of established colonies and/or reduced survival of newly recruited 
corals) may result from chronic exposures to low concentrations of oil (Bak 1987). In 
Aruba, long-term exposure of reef corals to refinery effluents has resulted in vatious 
"subtle" effects, such as reduced coral cover, deteriorating spatial structure, lowered ratcs 
of recruitment or lowered survivorship of new recruits, and the complete absence of 
certain coral species (Acropora palmata and Montastraea annulans). These effects were 
noticeable as differences between reefs upstream to and downstream from the path of a 
current of constant direction that carried refinery effluents across several reefs. Similar 
observations have been made repeatedly on the chronically oiled coral reefs at Eilat, 
Israel in the Red Sea (Table 15.3). Other observations of short- to long-term effects of 
oil on corals involve tissue damages (i.e, gonad damage and muscle atrophy) and/.: 
changes in many basic physiological processes (e.g., decreases in calcification rates, 
decreased production of zooxanthellae, and increased mucus production). Other effects 
are summarized in Table 15.4. Oil spiil damage assessments of coral reefs (and other 
habitats) typically end when oil is no longer obviously present; the sublethal effects of 
long-term, chronic exposures to PHCs (i.e., bleedwaters as a potential source of PHCs) 
have been completely missed in all such short-term studies of oil spill effects on coral 
reefs. 


The Bahia las Minas study now underway in Panama (Cubit et al. 1987; Jackson et 
al. 1989; Guzman et al. in review) is the first study of sufficient scope and duration to 
document long-term effects of a targe, crude oil spill on Caribbean and Atlantic coral 
reef communities. Concentrations of PHCs in seawater, coral tissues, and in nearby 
habitats (coral reef, seagrass meadow, and mangrove forest sediments) are being 
monitored by personnel from the Bermuda Biological Station for Research (Burns and 
Knap 1989). Hydrocarbon concentrations in coral tissue reached levels ranging from 
i.3 + 0.3 g/mg lipids at a moderately oiled site to 25.5 + 6.0 ug/rag lipids at a heavily 
oiled site. 


Table 15.4. Stress responses shown by corals exposed to oil and oi! fractions 
(From: Fucik et al. 1984). 


Change in caicification rate Impaired sediment clearance ability 
Coenosarc tissue damage impaired polyp retraction 
Decreased zooxanthellae production Increased mucus production 
Expulsion of zooxanthellae (“bleaching*) Larval death 

Gonad damage Muscle atrophy 

Impaired feeding Premature extrusion of planulae 
Impaired larval settlement Tissue death 
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Coral coverage on subtidal reefs, as well as the species composition, was determined 
by intensive surveys which were completed just before the Bahia las Minas spill 
occurred. In the initial post-spill coral reef surveys (Jackson et al. 1989), it was obvious 
that major changes had occurred in the total area of living coral tissue on heavily oiled 
reefs. Coral cover in shallow (<3 m) water, at a very heavily oiled site at Punta Galeta, 
decreased by 96 to 51% from the pre-spill to the first post-spill survey. Similar 
decreases in coral coverage were also seen in other areas. Sublethal effects were readily 
noticed; these included bleaching and swelling of tissues, heavy production of mucus, 
and partial mortality seen as recently dead areas devoid of coral tissue on coral colonies 
(Photograph 15.2). Globules of oil were often seen on coral surfaces. Some of the 
recently dead areas were surrounded by dark halos which are characteristic of bacterial 
infections. The frequency and the sizes of recently dead tissue patches on the most 
common massive corals increased markedly with the amount of oiling at each reef and 
decreased with water depth (Figure 8 in Jackson et al. 1989). 


Changes in coral coverage and in species abundances, in Bahia las Minas and at 
unoiled control sites, have been monitored at yearly intervals since August 1986. 
Recruitment, reproduction, growth rate (by schlerochronological techniques), and partial 
mortality studies are also underway. It is hoped that these data will be interpretable 
based on observations of PHC concentrations in coral tissues and in the surrounding 
reef and non-reef habitats. A major concern in this, and the other studies underway in 
Panama, is that natural variation between sites and the effects of other societal pressures 
(i.e, siltation due to coastal deforestation, sewage pollution, other small oil spills, etc.) 
will obscure more subtle oil effects (Jackson et al. 1989; Guzman et al. in review, 
Marshall and Batista in prep.). 


Seagrass Beds 


Seagrass communities are vulnerable in intertidal and very shallow subtidal locations 
(Photograph 15.3). Deeper seagrass flats may completely escape oil exposure, if weather 
conditions, sea states, and suspended sediment loads do not produce conditions which 
emulsify oil in seawater and/or cause oil and emulsions to sink. The highly diverse 
infaunal and epibiotic assemblages are both vulnerable and sensitive to water soluble, 
emulsified, and sedimented components of PHCs. 


The damages done by oil spills to the biota of seagrass meadows have usually been 
dismissed as insignificant. It had been assumed until recently, based on inadequate 
evidence, that floating oil slicks would pass over subtidal seagrass beds without effect. 
Chan (1976) reported that oil clingage, pumped out of the Garbis in the vicinity of the 
Marquesas Keys, floated over seagrass flats during high tides, between Boca Chica Key 
and Little Pine Key, without noticeable effects on Thalassia or Halodule. Empty (but 
still articulated) shells of Pinctada radiata, a pearl oyster which is common in Florida 
Keys’ seagrass beds, accumulated on beaches soon after the Garbis incident. Chan 
(1976) attributed the mass mortality of these organisms to the oil spill. No other 
observations were made in subtidal seagrass beds. 


Oil from the Zoe Colocotroni spill in Puerto Rico caused Thalassia testudinum \eaves 
to blacken and eventually to be shed. Plant rhizomes apparently were not killed, 
because new seagrass growth was seen in the oiled areas within 10 months of the spill. 
Various large invertebrates were killed (Table 15.5) and quickly washed up on shore. 
Infauna were not measurably affected. The 1962 spill from the Argea Prima resulted in 
Thalassia meadow “degeneration.” Diaz-Piferrer (1964) described neither the magnitude 
of the damage nor the depth ranges of the degenerating seagrass beds. 
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Table 15.5. Effects of oil spills on seagrass bed communities. 


Spill 


Amount Spilled 


Reported Effects 


Reference 


1968, WITWATER., 
Bahia las Minas 
Panama 


1972, ARGEA PRIMA, 
Puerto Rico 


1973, ZOE 
COLOCOTRONI, Cabo 
Rojo, Southern Puerto 
Rico 


1975, GARBIS, Lower 
Florida Keys 


1978, AMOCO CADIZ, 
Roscoff, France 


1986, Refineria 
Nacional, Bahia las 
Minas, Panama 


3.18 million liters 
diesel and Bunker C 


10.68 million liters 
crude 


5.34 million liters 
Venezuelan crude 


8.0 million liters of 
70% Venezuelan and 
30% Mexican crude 


No effects reported 


Thalassia beds 
degenerated 


Some Thalassia died: 
later some areas had 
reyuvenated growth 
from formerly exposed 
mat of rhizomes; 
urchins, sea 


Rutzier and Sterrer 
(1970), Birkeland et a’ 
(1976) 


Diaz-Piferrer (1964) 


Nadeau and Bergquist 
(1977) 


Chan (1976, 1977) 


den Hartog and 
Jacobs (1980), Jacobs 
(1980) 


Cubit et al. (1987), 
Jackson et al. (1989), 
Marshall and Batista 
(in prep.) 
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The only other reports of oil damages to seagrass communities are those from 
Zostera marina beds in France oiled by ihe Amoco Cadiz (den Hartog and Jacobs 1980, 
Jacobs 1980) and from Thalassia meadows oiled by a refinery tank failure in Panama 
(Jackson et al. 1989, Marshall and Batista in review). In each case, the investigators 
monitored changes in plant biomass and intensively sampled the grassbed-resident 
infaunal and epifaunal assemblages. The most noticeable differences between pre-spill 
and post-spill (France) and control and oiled (Panama) seagrass beds were large 
decreases in abundances (France) and the virtual absence (in oiled Panamanian seagrass 
beds) of several orders of small crustaceans and all classes of echinoderms. Oiled 
intertidal seagrass beds were destroyed in Panama, but not in France. In Panama, after 
the dead intertidal seagrass beds decayed, sediments washed away and exposed a 
bare-rock platform. Seagrass leaves, in the oiled subtidal seagrass beds of both France 
and Panama, blackened and were shed. No seagrass mortality was noticed in France, 
but the landward-most edges of heavily oiled, subtidal seagrass meadows in Panama have 
been receding continuously since the spill (M. Marshall, pers. observ.). 


In Panama, macroinfaunal groups that seemed to be adversely affected by oiling 
included bivalves, brachyurans, ophiuroids, polychaetes, sipunculids, and burrowing 
shrimp. As noted in Jackson et al. (1989), this is the first time that such an effect has 
been suggested for certain macroinfaunal groups in seagrass meadows. Epifaunal groups 
negatively affected by oil included amphipods, certain species of caridean shrimp, sea 
urchins, sea cucumbers, starfish, and grassbed-resident fishes (including parrotfish, 
gobies, and blennies). Because these observations were based on comparisons between 
Oiled sites and unoiled control sites, it was necessary to follow them up by post-spill 
surveys in order to determine if the oiled sites would "recover" (defined as becoming 
more like the unoiled control sites). The post-spill surveys were made at quarterly 
intervals through April 1989. 


It is Obvious from the above summaries and from Table 15.5 that oil can have a 
large negative effect on Thalassia meadow communities. This is especially true for 
intertidal and shallow, subtidal seagrass beds. As mentioned for corals, seagrass beds in 
areas adjacent to reef crests or other areas where waves break may be exposed to 
oil-in-water emulsions entrained by the action of breaking waves. Most tanker spills 
occur during bad weather (Bak and Elgershuizen 1976) when sea states would be most 
likely to act on oil slicks to produce such emulsions. Suspended sediment and organic 
matter concentrations also may be highly elevated during stormy weather or during the 
South Florida rainy season. Because one of the widely touted and most important 
ecological roles of seagrass meadows is that they trap fine particles of sediment (Zieman 
1982), they may also act as traps of sinking droplets of oil combined with sediment 
particles (as is described by The International Tanker Owners Pollution Federation, Ltd. 
1986). 


Compared with other shallow, coastal communities, seagrasses are not highly 
susceptible to damage from oil spills, except in their upper ranges of distribution. 
Where oil has contacted seagrasses that are just intertidal or just subtidal, damage has 
been extensive, while plants in deeper subtidal beds are generally unharmed by direct 
effects of the oil (Chan 1977; Cubit et al. 1987; Jackson et al. 1989). These instances 
point out how vulnerable much of South Florida’s seagrass meadows would be to an oil 
spill. As noted by Zieman in Chapter 4, the priceless nursery meadows of Florida Bay 
in Everglades National Park and much of the western portions of the Lower Keys are 
extremely vulnerable to oiling because so much of this area consists of shallow mud- 
banks that are emergent on very low tides. The standing crop of seagrass leaves on 
these mudbanks in western Florida Bay is about twice as high as the average standing 


crop of the bay as a whole (Chapter 4). 
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It may be that in many instances the effects of seagrass bed oiling have been 
overlooked. The monitoring of effects of oil spills on seagrass beds (and all other 
habitats) requires that all components of the community associated with the seagrasses 
be monitored. It is possible to envision meadows of lush growths of Thalassia without 
the highly diverse assemblages of small animals that are normally associated with 
Thalassia. \n Florida Bay, many of these small animals are juveniles of commercially 
important species--e.g., spotted seatrout Cynoscion nebulosus and gray snapper Luijanus 
griseus (Rutherford ct al. 1989a,b,c); red drum Sciaenops ocellatus (Tilmant et al. 1989); 
spiny lobster Panulirus argus (Davis and Dodrill 1989); and stone crab Menippe 
mercenana (Lindberg and Marshall 1984). The other, non-commercially important 
species are of equally high “commercial” value hecause they are the animals which 
trophically link the commercially important species to the high primary productivity of 
seagrass meadows (i.e., Carr and Adams 1973; Leber 1983; Marshall 1985; Harrigan ct 
al. 1989, Hettler 1989). 


Rocky Intertidal Areas 


The biota of rocky intertidal zones and intertidal reef flats are vulnerable to oiling 
due to their location within the tidal range. Unlike mangrove forests, coral reefs, and 
seagrass meadows, the major structural component of rocky intertidal Communitics ts 
not alive. The rocks to which sessile biota attach, either directly or indirectly through 
other species, may, however, be thickly coated with oil (Photograph 15.4) and become 
unsuitable for settlement. Obviously, the living organisms on rock surfaces may also be 
coated by and smothered in baked-on layers of tar-like, weathered oil. Some of the 
organisms, ¢.g., barnacles and certain bivalves, which live in the intertidal, can shut 
themselves off from the oil through adaptations to normal tidal exposures of varying 
length, and thus may not die immediately. They may not be able to resume normal 
functioning until oil is cleaned from their shell surfaces, and this may not happen soon 
enough to prevent massive mortalities. 


Recovery of the communities typical of rocky shores would depend highly on the 
degree of exposure of the oiled shore. Heavy and weathered oils would readily adhere 
to rough surfaces, while light oils would be less sticky (Getter et al. 1981). Following 
the Bahia las Minas spill in Panama, the seaward edges of rocky reef flats were rapidly 
cleaned of baked-on tarry oil by high surf and strong turbulence (Jackson ct al. 1989, 
Cubit and Burgett in press). Oil remained visible for longer periods of time at points 
located at increasing distance from the scaward cdge of the reef flat. 


Little attention has bee given to the effects of oiling on the epibiota of rocky 
intertidal areas in the tropics. The Argea Prima spill in Puerto Rico killed the normal 
assemblage of algal species found in the rocky intertidal (Diaz-Piferrer 1962). The 
mixed-species algal community which was destroyed was replaced by a number of 
blue-green algal species which had not been abundant before the spill. Chan (1976) 
reported that oil from the Garbis caused temporary (several month) decreases in the 
abundances of crabs and gastropods. Animals living on the seaward side of the rocky 
platforms’ highest point did not appear to be affected by oiling. Chan witnessed a 
die-off of echinoderms at three weeks post-spill in landward areas of the platform where 
they were known to be abundant on the day the oil landed on the rocky platform. 
Echinoderms on the seaward face of the platform were not obviously affected. A bloom 
of blue-green algae was noted on the Garbis oil-affected areas of the rocky intertidal 
platform. 


In Panama, after the Bahia las Minas oil spill, the percentages of coverage by 
several species of algae, sessile animals, and other epifauna declined on a rocky 
intertidal reef flat (Cubit et al. 1987; Jackson ct al. 1989). A bloom of microalgac soon 
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alter the spill actually reduced the percentage of bare rock surface. Species abundances 
of algae, animals, and bare rock, on this same reef flat had been monitored for up to 15 
years prior to the spill. It was thus casyv to conclude that major decreases had occurred 
in the percentage of the rect flat covered by these organisms. Several of the algal 
species returned to greater than pre-spill abundances vathin 12 to 18 months of the 
spill. Of the animals, oaly the colonial anemone Zoanthus had returned to typical 
abundance after 18 months. The site of this reef flat at Punta Galeta ts exposed to the 
washing and cleansing effects of extremely heavy surf during the Panamanian dry scason 
(December through April). Although oil was baked onto exposed surfaces during the 
extremely low tides that occurred during the oil spill, the oil was rapidly washed away. 
Dispersants were not used and were not needed to remove the baked-on oil. 


Sandy Intertidal Areas 


The vulnerability to oiling of exposed beaches and their inhabitants ts high 
(reviewed by Genning ect al. 1984). Stranding of weathered oil in accumulations of 
scagrass wrack on sandy beaches on Boca Chica Key was one of the most obvious signs 
of the Garbis oil spill. Chan (1977) found that oil leaching from the debris permeated 
the sandy substrate to a depth of 10 cm. 


Amphipods and crabs normally associated with the wrack were not found im- 
mediately after the Garbis spill, but recolonization of fresh wrack occurred within six 
months as clean wrack washed into the areas. The sensitivity to oil exposure of 
macroinfaunal species typica! of this habitat varies from taxon to taxon (Chan 1976, 
1977). If oil is washed away soon after a spill, then recovery of the macroinfaunal 
community may be very rapid. If oil is buried in anoxic layers beneath surface sedi- 
ments, it may persist for years, and the infauna will not recover rapidly. Jxtoc / oil had 
little effect on Texas beaches because it was highly weathered before it reached Texas 
and because the oil (3,900 metric tons of an estimated 476,000 metric tons spilled) that 
did reach the beach, between August and Septemt 1 1979, was quickly washed away by a 
tropical storm on 13 September 1979 (Gundlach e al. 1981). 


In Puerio Rico, following the Argea Prima spill, oil mixed with beach sand and the 
mixture was then washed away, resulting in heavy erosion in some areas (Diaz-Piferrer 
1962). The beaches of Bahia Sucia were heavily oiled, and were the site of intense 
cleanup operations following the Zoe Colocorroni spill of Venezuelan crude (Nadeau and 
Bergquist 1977). These authors did not study the effects of oiling on the beach fauna 
because the cleanup crews and equipment obstructed much of the beach. 


IMPLICATIONS FOR SOUTH FLORIDA 
Potential Sources of Oil Spills 


Accidents that have resulted in major oil spills in the past can be divided into five 
categories, as listed in Table 15.6. Tankers (and other vessels carrying fuel oils) are 
currently the only potential source of major spills in the study area. Offshore drilling 
and production would introduce some additional risk of spillage; potential sources 
include blowouts, loading accidents, or accidents during transportation of oil to refiner- 
ies (Chapter 12). The Minerals Management Service (MMS) has stated that oil 
produced in the study area probably would be offloaded directly to tankers from 
production platforms. Pipelines to a common loading point might be used if the size of 
the find justified the expense. For economic and legal reasons, it is unlikely that 
pipelines to shore or onshore storage tanks would be constructed in the area 


(Chapter 12). 
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Table 15.6. Existing and potential sources of oil spilis in South Florida. 


Present or 
Source Future Threat Oil Type(s) 
Tanker accident Present future Crude, diesel 
Pipeline break Future Crude 
Loading spills Future Crude at offshore terminal 
diesel in fueling ngs, vessels 
Offshore well blowouts Future Crude 
Storage tank failures Future Crude/refined products 


Tanker accidents involving crude oil and freighter accidents involving fuel oils are 
the most likely source of large spills (defined as those >160,000 L, or 1,000 barrels*) in 
the area, whether or not offshore production occurs (Chapter 12). The existing risk of 
a large oil spill from tanker traffic is probably much greater than the risk of a spill from 
offshore operations, unless huge new oil reserves are discovered. However, if oil 
production does occur in the area, the risk of a large spill would increase (Chapter 12). 
Transfer and transportation operations would be the most likely source of a large spill if 
offshore drilling and production were to occur in the study area; blowouts are unlikely 
in South Florida for geologic reasons (State of Florida and MMS 1989b). 


Transport of Spilled Oil 


South Florida's marine habitats are vulnerable to oiling from offshore accidents 
because of the flow patterns of the major currents that run close to shore throughout 
the area. 


The major deepwater current in the eastern Gulf of Mexico is the Loop Current. 
This current enters the Gulf of Mexico through the Straits of Yucatan, flows northward 
into the east-central Gulf of Mexico, then turns clockwise and exits through the Straits 
of Florida, where it is referred to as the Florida Current (see Chapter 2). Drift bottle 
releases (Williams et al. 1977) and recent trajectory modeling (State of Florida and 
MMS 1989b) show that the Loop Current and Florida Current could rapidly transport 
oil spilled on the Southwest Florida shelf (north of the Dry Tortugas) around to the 
Lower Keys, Reef Tract, and Southeast Florida coast. 


Oil carried by the Loop Current and Florida Current could impinge upon coastal 
areas through eddy or meander formation, or through winds blowing across the axis of 
the main current. As an example, oil spilled from the Garbis on 18 July 1975 in the 
Straits of Florida, at a point 42 km (23 nmi) south-southwest of the Marquesas Keys, 
oiled shorelines from Boca Chica Key to Little Pine Key beginning on 21 July 1975 
(Chan 1976). Easterly winds blowing across the main axis of the Florida Current drove 
the slick ashore and spread it across a 56-km (30-nmi) stretch of shoreline. 


Trajectory modeling reported by the State of Florida and MMS (1989b) shows that 
oil spilled north of the Dry Tortugas could become entrained in the Loop Current, 
carried around to the Straits of Florida, then blown back through the Florida Keys to 
hit Florida Bay or the Southwest Florida coast. In some of the cases simulated, an oil 
spill could have reached these areas faster by the indirect route than by direct transpor' 
toward the mainland coast. 
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Oil entrained in the Loop Current could also be transported out of the study area 
without hitting the coast. For example, a 1970 spill from an unknown vessel compicicly 
missed the Florida Keys, despite the formation of a 120 km (65 nmi) long slick seen at 
John Pennekamp Coral Reef State Park (Smithsonian Institution 1971b). 


The Loop Current and the Florida Current provide a powerful mechanism for 
exposing much of the study area to spilled oil. At the same time, an oil slick entrained 
in these major currents would be subject to shear because of the large velocity gradient, 
consequently, a slick could become elongated and broken into many long streamers, and 
mousse formation could be enhanced (State of Florida and MMS 1989b). 


The eastern shoreline of the Florida Keys from Miami to Key West is partially 
protected from large waves by the Florida Reef Tract. The Reef Tract and inshore flats 
between it and the shoreline are relatively narrow (4.0 to 9.6 km [2.2 to 5.2 nmi]). An 
extensive coral reef forms an irregular ridge along the seaward edge (Chapter 4). At 
numerous locations, such as Fowey Rocks, Alligator Reef, American Shoals, Western 
Sambo Reef, eic., reef crests are within a few meters of the sea surface. These shallow 
reef tops partially shelter the inshore flats from high waves, but they would also enhance 
the turbulent conditions, in any sea states beyond light to moderate chops, which can 
promote the formation of oil-in-water emulsions. The shallow flats behind the reef 
crests are characterized by patch reefs, isolated coral heads, and vast expanses of 
seagrass meadows. Natural shorelines inside of the reef flat are bordered by extensive 
areas of intertidal rock, mangrove forests, and sandy beaches. The nearshore environ- 
ment of the Ten Thousand Islands and the Everglades National Park, the shallow 
mudbanks of Florida Bay, and the western shoreline of the Florida Keys are charac- 
terized by seagrass meadows, mud/sand flats, patch reefs, and mangrove forests. All of 
the biota that produce living structure in these habitats can be killed by oil. 


Sensitive Shorelines and Shallow-Water Habitats 


Coastal habitats in the study area are best discussed in geomorphologic units: Cape 
Romano through the Ten Thousand Islands, including the Big Cypress watershed; 
Everglades National Park and Florida Bay; and the Florida Keys and Reef Tract. 


Cape Romano through the Ten Thousand Islands 


South of oe een Ce of the most complex and oil-sensitive shorelines in the 
entire State of ida begins (Getter et al. 1983). The Ten Thousand Islands area 
includes thousands of small mangrove-fringed and/or mangrove-covered islands. The 
area is the terminus of the Big Cypress Swamp, a large freshwater marsh system 
(Figure 15.4). Water from the Big Cypress Swamp flows into the Ten Thousand Islands 
area through a series of rivers and bays (¢.g., pkin Bay and Pumpkin River; 
Fakahatchee Bay and Fakahatchee and East Rivers; and Chokoloskee Bay and Ferguson, 
Brown, and Turner Rivers). Thousands of mangrove islands, interspersed within 
hundreds of shallow bays and channels, extend from the larger coastal bays toward the 
open sea for 6.5 to 8 km (3.5 to 4.3 nmi). Many of the estuarine bays contain large 
areas Of seagrass meadows and/or macroalgal-dominated benthic communities (Odum et 
al. 1982; Drew and Schomer 1984). The fringing mangroves are mostly the red 
mangrove and, as such, have well-developed prop root communities. The shallow, 


Pass, and Rabbit Key Pass. The nearshore area from Cape Romano southward contains 
extensive seagrass beds. 
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Figure 15.4. The Ten Thousand Islands area of the Southwest Florida coast (From: Drew and Schomer 1984) 
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The geographical complexity of this area would make « impossible to control a spill 
once ii reached the Ten Thousand Islands because the only protective measure that 
would be feasible, acrial spraying of dispersants, would add to (insicad of protect 
against) the damaging cffects of oiling (Ballou ct al. 1987). Other methods of oil spill 
control and cleanup will not work on this coastline, 1 1 too shallow for skimmer boats, 
too complex for booms, and the foresi ts an impenctradle barricr to all machinery and 


most people. 


The Ten Thousand Islands arca serves as critical habitat for several protected 
species (the American crocodile, sca turtics, numerous birds, and the Flonda manatcc). 
lt ts @ rookery ground for many other bird species, and migratory birds congregatc along 
this coast in the wintcr months (sce Chapter 9), it ts also a nursery ground for commer- 
cially important fishes and invericbrates. Odum ct al. (1982) provided an cxtensive 
listing of some of the many animals and plants which inhabit these extremely productive 
mangrove forests. Ecologically, there is no other area like it on this continent. It ts 
currently stressed by encroaching development and by human-caused changes in the 
water flow patterns through the Big Cypress watcrshed (Drew and Schomer 1984). A 
massive oil spill reaching here would very likely alicr or permancnily destroy its beauty, 
which ts dependent on a myriad of imtricaic inicrachons between plants and animals. 
Estimates of recovery times for mangrove forests damaged by oil spills range from 25 to 
SO years (Cairns and Buikema 1984). 


The tremendous amount of damage to mangroves in Panama aftcr the Bahss las 
Minas spill would sccm insignificant in comparison to the damage that could be done to 
the Ten Thousand Islands of Florida by a spill of the same size. Teas ct al. (1989) 
reported that an cstimated total of 75 ha of mangroves were desiroyed in Panama. The 
steep increase in land clevation between the sca and dry land in Panama limits man- 
groves to small fringing, basin, riverine, and overwash forests. If oil penetrated deeply 
into the much larger forests characteristic of the Southwest Florida coast, the arcal 
extent of damage would possibly be several orders of magnitude above that done to 
Panamanian mangrove forests. Snedaker (Chapter 4) described the inundation paticrns 
of the five mangrove forest types found in South Florida. From these descriptions, it ts 
obvious that they are not all cqually vulncrabic to oiling, because not all forest types 
arc inundated by daily high tides. Basin forests, for cxample, are inundated primarily 
during the wet season. Despite their varying chances of being oiled, tidal conditions can 
be such that all of the forest types are oiled by onc large oil spill in the might arca at 
the right tume. 


Everglades National Park and Florida Bay 


Pavilion Key, just south of the Ten Thousand Islands, marks the northern limit of 
Everglades National Park. by Fe pany foodie gdm can be divided into four areas: the 
phy Ay be 4 Ay bg, River; the yy ty + ~ 


oman - 
Drew (1982) and by Odum et al. (1982) 


The coastal area between the Ten Thousand Islands and Losimans River is predom- 
inantly composed of mangrove-lincd bays and islands fronting pinc/palmetio upland. 
Some small creeks (¢.g., Charley Creek) penetrate the upland to the inland freshwater 
marshes. 


The riverine area, which extends to the south from Lostmans River, consists of 
coastal swamps and lagoons which connect the Shark River and the estuarine 
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communitics. Mangrove-lined mvers and channcls, mangrove forcsts which grow im vast 
wetland expanses, salt marshes in more upland arcas, and “hackbavs” characterize the 
cozstal swamp and lagoonal arca (Odum ct al. 1982). Oil im these arcas would do much 
damage to shellfish populations (as described in Palik and Lows: 1983), mangrove root 
communitics, mangrove forcsts, and shallow beds of aquatic vegctatwn. 


Oyster, Ponce de Leon. and Whitewater Bays are the largest lagoons of the coastal 
swamp and lagoon sysicm, they are located at the southern cad of the Shark Rivcr 
slough. Cape Sabic, an upland arca, scparaics much of Whitewater Bay from the Gulf 
of Mexico, but oil slicks could enter Whitewater Bay by the numcrous channcls and 
smaller bays which link it to the Gulf of Mexico at its northwestern tip. There are 
many hectares of mangroves along the shores of these connecting channcls and bays and 
on the tslands within the bay. The inhabitants of these mangroves would be similar to 
those found in the Ten Thousand Islands region. If oil did center Whitewater Bay and 
the other bays in this area, then much of the oil-sensitive mangrove forcst and its 
inhabitants would be vulncrabie to the various effects of oil exposure. 


Cape Sable consists predominantly of coarse sand beaches, beach ridgcs, and salt 
ponds gradating into tropical hardwood hammocks, salt prairics, salt marshes. and the 
mangroves of Whitewater Bay. Salt ponds on Cape Sabie (the largest of which its Lake 
Ingraham) contain extensive tidal Mats. The most conspicuous oil-scnsitive faunal 
component of Cape Sable are loggerhead sca turtics, which may be highly sensitive to 
oil during nesting activities. 


The Taylor Slough portions of the Everglades and Florida Bay are geologically and 
Shoals, and banks surrounding deeper “lake” arcas were formed during the sca level rise 
glacial period. These shallow lakes and banks (maximum 

depth approximately 2.4 m) contain extensive benthic algal and seagrass beds (Zicman 


Thalassia testudinum, Syringodium filiforme, and Halodule wnghti are the maj 
species of seagrasses found on mudbanks and in the shallow “lakes” of Florida 
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surrounded by large expanses of sheltered mangrove lagoonal systems, tidal flats, and 
seagrass beds. Cuts and channels between the islands of the Lower Keys are small and 
numerous. It would be very difficult to protect the shoreline and nearshore habitats of 
this area from floating oil during any weather conditions; during severe weather, it 
might be impossibic. 


Mangrove islands and shallow-water seagrass beds extend westward from Key West 
to ithe Marquesas Keys. The islands of the Marquesas are fringed by mangroves and are 


Key (Chapter 9). Extensive seagrass beds are located in the shallow waters of the 
lagoon (Davis 1982). It would be very difficult to protect the mangroves, reefs, seagrass 
meadows, and their associated animal assemblages from large oil slicks. Bad weather 
would make it impossible. 


The Florida Reef Tract begins approximately 4.0 to 9.6 km (2.2 to 5.2 nmi) offshore 


from Soldier Key at Fowey Rocks and roughly parallels the Keys at that distance from 
shore (Figure 15.5). The extent of the Reef Tract, its structure, and its component 
species are described by Jaap (1984) and Jaap and Hallock (Chapter 4). 


The isolated coral colonies of reef flat areas, patch reefs (in Florida Bay and Hawk 
Florida Reef Tract, could, uader the 
effects of oil wherever a large slick 


Lad 


landed. A large spill could affect a large of the Florida Reef Traci or miss it 
completely. Of three spills that have occurred in this area since 1964, two spills 
beached (the Brother George spill in 1964 at the Dry Tortugas, and the Garbis spill in 


third spill from an unknown source missed the 

Florida Keys (unknown vessel, 1970, slick sighted near the John Pennekamp Coral Reef 
the Keys despite the formation of a 120 km 

(0.24 to 0.48 million liters, or 1,500 to 3,000 
the Lower Keys. The Brother George spill 

(0.5 million liters, or 3,100 barrels) killed birds and may have killed some coral (Jaap et 

al. 1989) around the Tortugas, but did not affect other areas further to the east of the 
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spill site. Oil spill trajectory analyses for the Southwest Florida area (see Chapter 12) 
have not explicitly modeled spreading of oil (R. LaBelle, MMS, pers. comm. 1990 to 
N. Phillips). It is thus not possible to predict the total area that might be oiled as a 
result of a particular size of spill. 


If a large spill did occur, and the conditions were right, it could alter the structure 
of much of the reef for a very long time. Reefs do not recover rapidly, an estimate of 
10 to >50 years (Cairns and Buikema 1984) seems conservative, because many of the 
large coral colonies on any reef exceed 100 years of age (e.g., Hudson et al. 1989, 
Guzman et al. in review). If recovery of the reef is defined as a return to pre-spill 
Structural complexity, then it would take 100+ years for the oldest coral heads to 
regrow and achieve the same level of structural complexity. The effects of oil on the 
other flora and fauna of the Florida Reef Tract can only be guessed. 


Protected Species 


Reptiles, birds, fish, and marine mammals associated with South Florida’s coastal 
and marine habitats are variously vulnerable to oiling and sensitive to oil. Included in 
these groups are several protected species (Table 15.7). 


Reptiles 


The American alligator (Alligator mississippiensis) is found in a variety of habitats, 
including salt marshes, canals, ditches, and mangroves of low-salinity waters in South 
Florida (Mazzotti 1989). In Florida, alligators are no longer in danger of extinction, but 
the U.S. Fish and Wildlife Service (USFWS) classifies them as Threatened due to 
similarity in appearance to Louisiana alligator populations, which are Endangered. 


The American crocodile (Crocodylus acutus) in South Florida is Endangered, 
representing the only population in the U.S. Approximately two-thirds of the repro- 
ducing U.S. population resides in Everglades National Park (Mazzotti 1989). Mangroves » 
are considered to be critical habitat for the American crocodile (Odum et al. 1982). 
Crocodiles are distributed along the mudflat- and mangrove-fringed shorelines of 
Whitewater Bay, Florida Bay, Key Largo, Big Pine Key, and southera Biscayne Bay. 
Primary nesting sites are on sandy shoreline beaches and on marl banks of coastal 
creeks. A single nesting site is used for several years. Eggs are laid in late April or 
May and hatch in late July or early August (Mazzotti 1989). Nesting success of 
crocodiles is dependent on a variety of factors including erosion, flooding, and predation 
(Mazzotti 1989). Oil spills in the Panama Canal area are reportedly responsible for 
"long-term damage to the resident crocodile populations" (Getter et al. 1984), but the 
effects of oil on crocodile eggs, juveniles, and adults is otherwise unknown. No 
evidence for this quoted statement was offered by these authors. 


According to the State of Florida and MMS (1989a), the likelihood of an oil spill 
reaching critical nesting habitats of the American crocodile is remote. However, because 
of the Endangered status and restricted range of the species, any contamination of 
nesting sites (as described by Mazzotti 1989) would be very serious. 


Five species of sea turtles occur in the study area: the green sea turtle (Chelonia 
mydas), the hawksbill sea turtle (Eretmochelys imbricata), the Kemp’s ridley sea turtle 
(Lepidochelys kempi), the leatherback sea turtle (Dermochelys coriacea), and the logger- 
head sea turtle (Caretta caretta) (Chapter 8). Of these, the green (Florida nesting 
population), hawksbill, Kemp’s ridley, and leatherback sea turtles are Endangered, 
whereas the loggerhead sea turtle is Threatened. 
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Table 15.7. Protected species in the South Florida study area that are vulnerable to 
oiling. Status as of 1 July *989 from Florida Game and Fresh Water 
Fish Comruission (1989). Occurrence in the study area based on— 
cauies © Ger ane mammas and see tated. Chapter © for bircis). 
and Table VI-3 in State of Florida and Minerais Management fa 
(1989a) (for others). 


Status* Populations Particularly 
Vv able to Oiling 
Species Federal State of Coastal Habitats 
REPTILES 
American alligator (A/ligator mississippiensis) Tis/a)e SSC 
American crocodile (Crocodylus acutus) E + E 
Green sea turtle (Chelonia mydas) E E 
Hawksbill sea turtle (Eretrnochelys ) E E 
ane Otey sea turtle (Lepidochelys k E E 
sea turtle coriacea) E E 
Loggerhead sea turtle (Carefta caretta) T T x 
BIRDS§ 
i stercatcher | - SSC 
Arctic Peregrine Faicon (Faico peregrinus rius) : 3 x 
Br (Anous stfolidus) - - x 
Brown Pelican (Pelecanus occidentalis) - Ssc 
Great Blue Heron (Ardea herodias - - a 
Least Tern j j ) a T 
Little Blue Heron (Egretta caerulea) - SSC 
Mangrove ail (Ralius longirostris insularum) —_ UR2 - 
Osprey (Pandion haliaetus) = SSCq 
Piping melodus) T T 
Reddish Egret rufescens) UR2 SSC x 
Roseate ill (Ajaia ajaja - SSC x 
Roseate Tern (Sterna aougallii T T x 
Snowy Egret (Egretta ~— - SSC 
sooty Tern (S - - x 
Plover (Charadrius 
alexandrinus is) UR2 T x 
Tricolored Heron (Egretta tricolor) - SSC 
FISH 
Key blenny (Starksia starcki) SSC x 
Key ; conchorum) - T x 
MAMMALS 
Biue whele musculus) E E 
Fin whale E E 
novaeangliae) E E 
whale (E. E E 
whale (Balaenoptera ) E E 
‘wane latiros an: 
manatee (Trichechus manatus tris) E E x 
Key deer ji E E 


substantial evidence of biological vuinerability and/or threat is lacking; URS = still formally under review, 
but recent information indicates species i are Seaeeeee or Sheets San Geeteety — 
incti ifi reatened due 


, but is listed because of distinct j of the two color adapted to 
protected species with re Ao enseph vosticte 4d ed 
are Bir 
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Of the five sea turtle species, only the loggerhead nests in the study area, along the 
Southwest Florida coast, at Cape Sable, and in the Lower Keys, the Marquesas Keys, 
and the Dry Tortugas (Chapter 8). The sandy beaches of South Florida are important 
nesting grounds for these sea turtles (Davis and Whiting 1977). On the mainiand, the 
nesting season extends from April through September; in the Florida Keys, the season is 
from April through June. 


Loggerhead turtle eggs in the nest and young hatchlings could be adversely affecied 
by exposures to spilled oil. An oil spill reaching turtle nesting areas could contaminaic 
eggs and result in developmental anomalies and mortality (Fritts and McGehee 1981). 
Weathered crude oils are less damaging than are fresh crudes. Cleanup activities could 
destroy nests or compact sand over them, which would prevent hatchlings from digging 
out of the nests. Turtle nests have been successfully relocated from oiled beaches. 


It is believed, as evidenced by beached, oiled carcasses, that oil from the Lxtoc | 
blowout killed adult green and Kemp’s ridley turtles in the western Gulf of Mexico 
(Hall 1980). The magnitude of these oil-caused mortalities is unknown. Juvenile green 
and loggerhead turtles have been killed by active ingestion of tar globules (Witham 
1978). Many other concerns over the effects of oiling on embryonic, juvenile, and adult 
sea turtles were expressed by participants in two conferences sponsored by the MMS and 
USFWS (Keller and Adams 1983; MMS 1989). 


Post-hatchling sea turtles of several species are often found in offshore convergence 
zones consisting of Sargassum and debris. This is important because floating pollutants 
such as oil can become concentrated in the same convergence zones (Carr 1986). 


Birds 


Coastal and marine birds are the animals most likely to be severely affected if an oil 
spill were to come ashore in the study area. Sandy beach, mangrove, and marsh 
habitats are vital to many species of resident and migratory birds. Several of these 
species are Endangered, Threatened, or Species of Special Concern (Table 15.7). 
Surface and diving birds and other pelagic seabirds are frequently oiled and suffer great 
losses in offshore spills. As spills come ashore and into marsh areas, the wading birds 
and shorebirds are apt to become oiled. Gulls sometimes appear to be able to avoid 
serious mortality from oil (Alexander 1983). Upon oiling, bird feathers can become 
matted together. This causes loss of insulation, decreases buoyancy, and adds weight, 
which causes swimming and floating seabirds to sink deeper into the water and to lose 
body heat. Attempts to clean oiled birds have been marginally successful. Oiled birds 
may ingest oil during attempts to clean themselves, and they may ingest oil- 
contaminated food. Oil could cause pneumonia, irritation of the digestive tract, and 
adrenal cortical hyperplasia. Ingested oil could also reduce egg production. Oil applied 
to the egg-shell surface (i.e., transferred from the feathers of the incubating hen) has 
been shown to greatly reduce hatching success, and even a trace of oil on a fertilized 
egg can poison the embryo inside (Satchell and Carpenter 1989). Aromatic hydrocar- 
bons are the most toxic; weathered oil, the least toxic (Alexander 1983). 


Populations of several species of birds in the study area are especially vulnerable to 
oiling (see Chapter 9 and Appendix B for further information). Many birds forage or 
nest in coastal habitats that could be oiled, and many are dependent on the continued 
health of the mangrove communities. Of particular concern are the following species: 
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Arctic Peregrine Falcon (Falco peregrinus tundrius). This Florida Endangered 
subspecies is highly migratory. Nearly 300 individuals, representative of the 
subspecies’ entire population, pause during spring and fall at Loggerhead Key in 
the Dry Tortugas, a critical area for these migrants (see Chapter 9). These 
falcons knock or force prey into the water and could thus become oiled during 
foraging. 

herodias). Although not a protected species, both the 
blue and white color morphs within the study area appear to have a unique 
gene pool, the birds being notably adapted to subtropical conditions (see 
Chapter 9). Furthermore, the white morph’s major range and nesting area 
restrict it to Florida Bay and the Lower Keys. 


Reddish Egret (Egretia rufescens). The Florida Bay population of this Florida 
Species of Special Concern is probably a unique one in terms of its gene pool, 
and the population is estimated at below 300 pairs. The Reddish Egret is a 

sedentary species that has become ecologically restricted to an area where the 
productivity of its food sources has become marginal. 


Roseate Spoonbill (Ajaia ajaja). The Roseate Spoonbill is a Florida Species of 
Special Concern. The species recovered from near extinction earlier in the 
century, but the population is once again stressed and in decline because of 
inadequate food supplies due to altered freshwater flow from the Everglades. 
The spoonbills in Florida Bay constitute a distinct subpopulation that has 
developed “traditions” (e.g., when and where to migrate and nest) to this area. 
This means that if the subpopulation were destroyed, the area would not be 
colonized by new individus'!s from other areas. 


Roseate Tern (Sterna dougallii). The South Florida population of this 
Threatened species is the only one in the U.S. south of North Carolina. 

A colony of about 300 breeding pairs on a freshly bulldozed Key West harbor 
island could be the largest colony in the eastern U.S.; the entire North 
American population is estimated at 2,500 pairs. 


Sooty Tern (Sterna fuscata) and Brown Noddy (Anous stolidus). Both species, 
though not classified as Endangered or Threatened, would be particularly 
vulnerable to oiling during their spring-summer nesting period at Bush Key in 
the Dry Tortugas. The Dry Tortugas are the only important nesting ground in 
the continental U.S. for both species. Sooty Terns nest on the ground just 
inland from the beach, and adults forage extensively in nearby waters, from 
March through August, with over 80,000 individuals present. Several hundred 
to several thousand Brown Noddies nest there from March through October. 
An oil spill (Brother George) contaminated the Dry Tortugas in January 1964 
and killed numerous birds; fortunately, the spill occurred well before the Sooty 
Terns and Brown Noddies began to land (Robertson 1964), and most oil was 
removed before then. 


ste | ‘ < . Gulf coast 
beaches in the Cape — area are one - of the few remaining nesting sites of 
this Florida Threatened species. It is estimated that only 100 to 200 animals 
remain in Florida (Kale and Maehr 1990). 
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1989a). Both species are year-round residents. Because these species live only in 
shallow, coastal waters of the Lower Keys, a large oil spill could affect the enti 
population of either species. 


Mammals 


Twenty-nine species of whales and dolphins are known or suspected to occur in the 
Study area, including six Endangered species: the right whale (Eubalaena giacialis), the 
blue whale (Balaenoptera musculus), the fin whale (B. physalus), the sei whale 
(B. borealis), the humpback whale (Megaptera novaeangliae), and the sperm whale 


(Physeter macrocephalus) (Chapter 8). Little is known of the actual occurrence of these 
species in the study area, as most of the data are from strandings. 


The most common cetacean in the study area is the bottlenose dolphin (Tursiops 
truncatus). Bottlenose dolphins are not Endangered or Threatened, but they are 
protected under the Marine Mammal Protection Act. Dolphins tend to concentrate in 
coastal areas and therefore, are more susceptible to contamination by spilled oil than 
are whales, which occur offshore. Bottlenose dolphins can detect and are inclined to 
avoid oil (Geraci and St. Aubin 1982; Geraci 1988). A dolphin or whale in the center 
of a fresh oil slick could inhale enough vapor or ingest enough oil to pose an imme- 
diate threat to its health. Possible sublethal effects to these animals include eye 
irritations (possibly resulting in blindness) and respiratory stress. In addition, cetaceans 
could be affected indirectly through consumption of contaminated food. However, as 
noted by Geraci (1989), none of these effects have been detected, or at least recorded 
with certainty, in connection with actual oil spills. 


Of greatest concern among the marine mammals is the Endangered Florida manatee 
(Trichechus manatus latirostris). The species ranges throughout Florida and is the most 
common Endangered marine mammal in the study area (Chapter 8). Centers of 
manatee abundance include Southeast Florida from St. Lucie Inlet to Biscayne Bay and 
Southwest Florida from Charlotte Harbor through the Ten Thousand Islands (Irvine and 
Campbell 1978; Layne 1978; USFWS 1980; Irvine et al. 1981). During warmer months, 
manatees reside in rivers, shallow estuaries, and saltwater bays. In winter, they con- 
centrate in heated effluent from power plants and in freshwater springs. 


Neither the size nor the trend of the manatee population is known, but the 
minimum winter count in 1986 was 1,200 individuals (Chapter 8). The populations on 
the Atlantic and Gulf of Mexico coasts are believed to be isolated. Irvine et al. (1981) 
conducted a series of aerial surveys from July to December 1979 to examine the 
distribution and relative abundance of manatees from Bayport, Hernando County, south 
to the ranger station at Flamingo (Everglades National Park), Monroe County. A total 
of 297 groups of manatees, totaling 554 individuals, were observed during these surveys. 
Manatees were consistently observed in Whitewater Bay, Chevalier Bay, and in the 
Lopez River, but the largest concentrations were found in Collier County from Marco 
Island to Chokoloskee (an area which includes most of the Ten Thousand Islands). In 
1989, the Florida Department of Natural Resources (FDNR) estimated that about 400 
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manatees Occurred south of Fort Myers in Southwest Florida (B. Ackerman, unpubl. 
FDNR memorandum cited in State of Florida and MMS 1989a). 


Based on observations at the Peck Slip oil spill (Puerto Rico), manatees may avoid 
oil slicks by retreating into unoiled tidal creeks and other uncontaminated areas (Getter 
et al. 1981). If contaminated by surface oil, manatees could be expected to suffer 
respiratory stress from inhaling fumes and oil, and to suffer damages to eye tissues from 
oil contact. They might eat contaminated aquatic vegetation, but no information is 
available on the effects of this route of hydrocarbon uptake (Fritts et al. 1983; Si. Aubin 
and Lounsbury 1988). A spill during the winter months probably would pose the 
greatest threat to the population because the animals tend to congregate. 


The Key deer (Odocoileus virginianus clavium) is an Endangered species found only 
on islands in the vicinity of the National Key Deer Refuge in Big Pine Key in the 
Florida Keys (Odum et al. 1982). Key deer prefer pine and hardwood forests but are 
found in red mangrove wetlands during the day. The total population is estimated at 
only 300 to 400 individuals and ranges over several hundred hectares. Key deer travel 
between islands by swimming. Potential effects from spilled oil are contamination of 
food sources and oiling of individuals traveling between islands. The effects of an oil 
spill on these animals have not yet been observed. It is possible that oiled deer would 
be subject to severe heat loss as a result of hair matting, and oil ingested through 
preening attempts might produce toxic effects. 


Summary 


Many protected species are found in the study area. All of those listed in 
Table 15.7 are vulnerable to oiling; that is, individuals could be exposed to oil as a 
result of normal behavioral patterns and life habits. They may also be affected by loss 
of critical foraging and nesting habitats. Mortality to individuals of any protected 
species should be of great concern. In addition, populations of several species are 
particularly vulnerable to oiling. These include the loggerhead sea turtle, which nests in 
the study area; the Arctic Peregrine Falcon, which has nearly its entire population pause 
twice yearly at the Dry Tortugas; the Great Blue Heron, which has subpopulations 
adapted to the subtropics, with the white morph restricted to Florida Bay and the 
Lower Keys; the Reddish Egret and Roseate Spoonbill, both of which have small, 
restricted populations in Florida Bay, the Sooty Tern and Brown Noddy, whose nesting 
grounds at the Dry Tortugas are the only significant »veeding ground in the continental 
U.S.; the Southeastern Snowy Plover, which nesis om ihe beaches of the Cape Romano 
area; the Key silverside and Key blenny, two fishes found only in coastal waters of the 
Lower Keys; and the Florida manatee. 


CONCLUSIONS 
Two central conclusions are evident from this review: 


@ Much of the study area consists of habitats that are vulnerable and sensitive to 
oiling. Studies of previous oii spills have shown that mangrove forests, coral 
reefs, and seagrass bed communiiies can be severely damaged, depending on the 
degree of exposure to oil. Associated fauna, including endangered sea turtles, 
birds, fish, manatees, Key deer, and numerous invertebrates, could be killed, 
injured, or stressed. 
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® Characteristics of the shoreline and shallow coastal areas, particularly in Florida 
Bay, the Ten Thousand Islands, and the Lower Keys, would make it difficult or 
impossible to prevent oil spills from reaching highly vulnerable and sensitive 
coastal ecosystems. Once contaminated, areas such as mangrove forests and 
seagrass beds on shallow mudbanks would be difficult or impossible to clean. 


Thus, the potential exists for serious damage from oil spills in the study area. 
However, it is difficult to predict how much damage would result from a large oil spill 
and how long that damage would remain apparent at the various levels of ecological 
Structure. Information is lacking in three critical areas: (1) the extent of oiling cannot 
be predicted; (2) the adequacy of existing contingency plans to respond to oil spills is 
unknown; and (3) the time for damaged ecosystems to recover is unknown. 


In 1975, a small spill from the tanker Garbis in the Straits of Florida 42 km 
(23 nmi) south-southwest of the Marquesas Keys oiled shorelines from Boca Chica Key 
to Little Pine Key (Chan 1976). Easterly winds blowing across the main axis of the 
Florida Current drove the slick ashore and spread it across a 56-km (30-nmi) stretch of 
sensitive shoreline. This information cannot simply be extrapolated to predict the extent 
of damage from larger spills. None of the trajectory modeling conducted to date has 
explicitly addressed the problem of spreading (sce Chapter 12). Therefore, it is difficult 
to predict the extent of damage that would be realized in the event of a larger spill in 
the study area. 


Because of the ecological, economic, and aesthetic value of South Florida's coastal 
and nearshore habitats, prevention of exposure to oil is critical. The mishandling of the 
recent Exxon Valdez spill in Alaska (National Response Team 1989) has called into 
question the adequacy of existing contingency plans nationwide. According to the 
Petroleum Industry Response Organization (PIRO), no existing oil spill response 
cooperative is equipped to handle spills larger than 4 million liters (25,000 barrels) in 
the open ocean, or 6.4 million liters (40,000 barrels) in coastal waters (PIRO Steering 
Committee 1990). The petroleum industry is working to develop the capability to 
respond to spills as large as 34.3 million liters (216,000 barrels), but this capability will 
not be in place for several years (PIRO Sicering Committee 1990). 


The adequacy of oil spill response measures is a critical issue. Trajectory modeling 
has shown that an oil spill on the Southwest Florida shelf north of the study area could 
reach Florida Bay, the Lower Florida Keys, the Florida Reef Tract, or the Dry Tortugas 
within 24 to 72 hours depending on spiil location and prevailing winds and currents 
(State of Florida and MMS 1989b). Although the modeling results cannot simply be 
extrapolated to the study area, it is obvious that spills at some locations within the 
Study area could reach these shorelines and resources within a few hours depending on 
environmental conditions. Depending on the meteorological conditions at the time of a 
spill, it would be difficult or impossible to prevent oil from reaching these sensitive 
shorelines and resources. 


The question of how long the damage from an oil spill might remain apparent 
cannot even be approached with the data that are currently available. Recovery times 
cited earlier in this chapter are equivocal at best. No evidence is currently available for 
recovery rates after worst-case oil spills. Some oil spill effects may be transitory, ¢.g., 
the effects of oil on sandy beaches; but in South Florida, most sandy beaches are part of 
or close to habitat types of much greater complexity where damage could remain 
apparent for a long time. 


596 


Sensitivity of South Fionda Environments to Oil Spills 


Although much remains to be learned about natural variation in population 
fluctuations from year to year in South Florida marine areas, it is evident, based on oil 
spills which have occurred in other similar environments, that many of the specics could 
be killed, injured, or stressed after exposure to oil slicks. Additional research into 
post-spill recovery rates, for each of the critical habitats, is needed. Most oil spill 
followup studies have been short-term descriptions of the damage that is obvious immce- 
diately after a spill. Even the five-year followup study of the Bahia las Minas refinery 
spill will be inadequate to determine habitat recovery rates for mangrove forests, 
mangrove prop-root communities, and coral reefs. 


An adequate and agreed-upon definition of recovery is a necessity before such 
research should be undertaken. Ganning ct al. (1984) discussed three definitions of 
recovery that are useful to different groups of those concerned about oil spill effects. 
The loosest definition is that recovery can be claimed when the environment is returned 
to usefulness as perceived and defined by the general public. Because much of the 
general public in South Florida is aware of the basic ecological fundamentals regarding 
marine habitat functioning, this may be a useful definition. The second definition given 
by these authors considers recovery as a restoration to the original functional and 
Structural conditions but allows a change in the set of species that was present before a 
disturbance in community structure. This definition presumes that the original struc- 
tural and functional conditions could be re-attained even if species composition changed. 
This would be an almost useless definition of recovery in Southwest Florida's complex 
shallow-water marine communities, where most of the structure-providing species are 
sensitive and vulnerable to oiling. There are no analogues to these species. The most 
Strict definition of recovery, and the most appropriate from an ecological viewpoint, is 
that the Camaged ecosystem must be returned to its origina! functional and structural 
conditions with its original species present. Recovery by this third definition would 
probably never be observed after a major oil spill in South Florida. As an example, 
coral colonies live for centuries (Hudson et al. 1989, Guzman et al. in press), and if 
large colonies, which provide much of the structural complexity of a coral reef com- 
munity, are killed then recovery of corals and their associated biota would sot occur 
during the lifetimes of the scientists assigned to monitor recovery. 


A combination of the statements of research needs by the NRC (1989) and the 
Governor's Office of Planning and Budgeting (1988) would be a good framework on 
which to base further research efforts. The former is a review of the adequacy of 
environmental information in MMS Environmental Impact Statements for leasing off 
Southwest Florida; the latter is a review of MMS-sponsored biological surveys of the 
Southwest Florida shelf (Danek and Lewbel 1986; Continental Shelf Associates, Inc. 
1987, Environmental Science and Engineering et al. 1987). Both reviews suggest that 
large data gaps exist in the identification of critical coastal habitats and in adequate the 
description of baseline conditions. These gaps need to be filled in order to document 
damages that might result from future oil spills and to provide estimates of community 
recovery rates. The most important recommendation of both reports is that long-term 
information on the distribution and abundances of various species needs to be con- 
sidered to provide insights on trends and variations in populations and processes. Some 
of the research presented at the Symposium on Florida Bay (Buil. Mar. Sci. 44(1), 
1989), if continued over longer periods of time, would partially address these needs. 
Continuous monitoring of the most critical habitats for several years is needed to 
provide baseline data. 


Some specific suggestions for research needs reiating to mangrove forests, coral 
reefs, and seagrass beds are presented below. 
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Mangrove Forests 


Basic research on mangroves in the study area is so limited and cquivocal that it is 
difficult to draw firm conclusions or to use the available information as a basis for 
secisi . ific ink a. ane Bietiieieed belem 


Susceptibility of Stress-Adapted Mangroves to increased Stress 


can be classified as stressed. The best examples are the dwarf and stunted mangroves 
that are common to southeastern Dade County and the Flonda Keys. Presumably, the 


A consistent observation in the oil spill assessment literature involving mangroves 1s 
that following a relatively heavy oiling, there is rapid mortality of the affected man- 
groves. This is attributed to mechanical suffocation caused by the oil covering the gas 
exchange surfaces of the affected trees. Whereas this is at least superficially a logical 
conclusion, there are no experimental results which confirm it. Moreover, the one 
unpublished experiment involving gas (nitrogen) exchange in oiled pneumatophores 
(M. Brown, pers. comm. to S. Snedaker) indicates that the rate of gas exchange drops in 
proportion to the viscosity of the oil, but that it does not entirely cease. If gases can 

ee eee eee See ee ae ey 
mechanism. First, there could be a threshold effect which involves the absolute rate of 
exchange. Second, the rates of oxygen uptake and carbon dioxide release could be 
differentially affected to the detriment of the plant. For example, inadequate oxygen 
could lead to respiratory collapse, or the internal buildup of carbon dioxide could lead 
to a deleterious change in intracellular pH. 


A final, probably more important, question focuses on the total rhizosphere gas 
exchange, rather thar the fractional portion which moves across plant tissue surfaces. In 
most oil spill assessments, researchers reported oiling of sediment surfaces in addition to 
the oiling of trunks, prop roots, and pneumatophores. If a significant fraction of the 
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total rhizosphere gas exchanges occurs across the sediment surface, then closure of this 
pathway alone could lead to respiratory problems irrespective of whether or not plant 
surfaces remain functional. With respect to post-spill cleanup policies, the potential for 
a successful cleanup might hinge on whether the effort is focused on the cleaning of 
plamt surfaces or the restoration of rhizosphere gas exchange across the sediment 
surface. 


ee 


There are several reports in the oil spill literature which suggest that delayed 
mortality Occurs in mature mangroves, months to years following a spill incident. For 
in Hillsborough Bay in October 1978, survived until a freeze in February 1980 when 
they defoliated (Getter ct al. 19802). Because the 1980 freeze affected only oiled 
L. racemosa in the area, it is presumed that those trees were chronically stressed by the 
oul residucs. 


In this regard, the persisting oil or its breakdown products appear to impose a 
sublethal, chronic stress that heavily taxes the metabolic resources of the trees. Thus, 
the affected mangroves are metabolically unable to cope with an additional sircss 
irrespective of whether it is an isolated event (c.g. a freeze) or part of a normal, 
seasonal cycle in the physical environment. The underlying chronic stress could cither 
be a direct response to an accumulation of toxic materials (¢.g., aromatic petrogenic 
compounds) in the sediment, or an indirect response to a severely altered sediment 
chemistry. For example, entrained oil in the sediment could inhibit the anacrobic 
remineralization of organic matter, or otherwise alter the stoichiometric ratio oF 
absolute availability of nutrients. 


The evolving conventional wisdom on this topic suggests that mangrove damage 
following a spill event could be significantly minimized, and mangrove recovery cn- 
hanced, through artificial fertilization. Ostensibly, feriilization would help overcome any 
nutrient deficiency relative to mangrove growth, and help to stimulate the microbial 
breakdown of petrogenic compounds in the sediment. The extent to which these 
benefits could be achieved, and whether this approach is substantially better than 
Current Cleanup practices, are questions that warrant research. 


Uptake of Petrogenic Compounds by Mangroves 


The question of whether mangroves take up and accumulate petrogenic compounds, 
particularly in leaf tissues, is not satisfied by the equivocal results in the published and 
gray literature. It is known, however, that mangroves can take up and concentrate a 
variety of inorganic and organic compounds, frequently without observable effects on the 
plant. The consequence of this phenomenon is that biologically concentrated noxious or 
potentially toxic materials could enter nearshore food webs via detrital pathways. The 
fate and effects of the type of transfer are neither known nor amenable to 
This same problem also applies to the question of the fate and effects of the sediment 
release of petrogenic ‘bleedwater’ into the nearshore environment. 
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Fertilization and Mangrove Recovery 
Mangrove growth and development are highly dependent on nutrient availability 


testing of other recovery-enhancement approaches (c.g. use of dispersants) has not been 
attempted (nor is it likely to be) in the carbonate environment of South Florida. 


Coral Reefs 


Little is known of the damage and recovery potential of any reef system. Coral recf 
coosysiems are complex, and we currently lack adequate information on reef structure 
and functions to accuraicly predict the effects of oil spilled over or near the Florida 
Reef Tract. The Bahia las Minas oil spill study in Panama (Jackson et al. 1989) will 
continue to provide a wealth of information on oil effects on reef, bul the structure 
and function of the Panamanian reefs is considerably different from that of the reefs 
along the Florida Keys. Species composition is similar, but the structure of the reefs 
and their proximity to mangrove shorelines is different. There are reefs in Florida that 
are similar in structure to the Panamanian reefs; they are close to mangrove-lined 
shorelines and are adjacent to shallow seagrass meadows. It is recommended that a 
Study be conducted to determine the exact applicability of the entire Panama project to 
South Florida. This recommendation is based on the numerous citations that this 

has received in this review, in scientific journals and documents, and in 


Long-term baseline data on South Florida coral reefs are needed if we are to be 


able to separate oil spill effects from changes due to other natural and anthropogenic 
the stresses that affect Florida Reef Tract corals, and 
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The following additional topics for further research are suggested: 


@ Exact mapping of recfs along the Florida Reef Tract, and determinations cf 
species composition and age-class distributions of corals on parallel transects 
along depth contours on major and minor reefs. Surveys should Se updaicd on 
a reguiar schedule (c.g. 3- to 5-year intervals) of as soon as possible ater major 
storms. The goal is to develop precise inventorics and sensitivity maps of the 
coral communities in South Flonda. 


@ Determinations of the proximity of reefs to mangreve shorelines and other 
habitats that might retain oil and act as a chromic source of hydrocarbons. 


®@ Additional studics of the behavior of oil in calm, modcraic, and rough scas with 
sediment loads typical of the Florida Reef Tract and Florida Bay. 


Seagrass Beds 


As noted by Zicman (Chapter 4), research on scagrasses has progressed to the point 
that i is usually possible to determine the qualianve cffects of natural environmental 
and anthropogenic stresses. [1 ts still vitally necessary to develop information to allow 
quantitative assessments as well. 


Long-Term Studies 


Seagrasses in South Florida have not been monitored for extended periods of time 
(Chapter 4). Thus, no information cxists on long-term natural variation in undisturbed 
seagrass meadows. It is currently impossible to separate the cffects of random but 
extreme climatic events from those caused by anthropogenic stresses and habitat 

sificati 


The MMS-sponsored Panama oil spill study originally included plans for a five-year 
followup study of spill effects on seagrass meadow communitics. The study was recenily 
shortened to include collections up to three years post-spill (April 1989), despite the 
continucd exposure of oiled seagrass beds to weathered oil releases from shorcline 
mangrove forests. Continued study of the Panamanian seagrass beds is necessary, 


considering the importance of scagrass cnvironments to South Florida. 
Succession and Community Development 


As noted in Chapter 4, numerous data gaps cxist concerning scagrass succession and 
community development. The broad pattern of succession has been described, but the 
conditions which lead to the transition of one species to another are not quantified. In 
addition, the relative roles of (1) vegetative reproduction (clonal growth), (2) seed and 
seedling success, and (3) roo ing of free vegetative segments in maintaining and 
dispersing seagrass beds is unknown. If spreading and reproduction are largely clonal, 
the reduced genetic diversity could have important effects on the ability of a bed to 
tolerate various stresses. Studies of succession and community development are 


particularly relevant to predicting recovery of oiled scagrass beds. 
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Additional Research Directions 


The research directions suggested above apply primarily to seagrasses. It is also 
vitally important to study the effects of oil on seagrass-associated flora and fauna, 
because seagrass beds in Florida Bay are critical to many economically important 
species. These studies should include both the economically important species, in all 
life cycle stages, and the complex assemblages of algae and animals on which they 
depend. Examples include the following: 


@ Studies of the weathering rates of crude oil (from the Sunniland Trend) and 
changes in toxicity through time of that oil buried in seagrass meadows. 


@ Descriptions of seagrass blade epifloral and epifaunal communities in Florida 
Bay, and determinations of the effects of oil on those communities. 


@ Determination of the effects of oil on larval, post-larval, juvenile, and adult 
Stages of commercially and ecologically important species found in seagrass beds. 


Models 


For knowledge and predictability of seagrass systems to advance, it is necessary to 
develop conceptual and simulation modeis of the most important processes. Primary 
among these processes are the interaction of light, temperature, and salinity on seagrass 
growth, as well as models describing successional processes. These will allow scientists 
and managers to generalize rather than rely totally on innumerable site-specific studies 
(Chapter 4). These data could be incorporated into the seagrass production “bullet” 
shown in Figure 15.1. Similar production models should be produced for mangroves, 
mudflats, and algal bottoms. As is suggested by Figure 15.1, coral reef ecosystems may 
influenced by changes in shoreline and other shallow habitats. Figure 15.2 suggests 
interactions between oil and pelagic, intertidal, and subtidal habitats. A combination of 
these two models with detailed information on oil effects and long-term natural 
processes, would be most useful to scientists and managers who are interested in 
predicting oil spill effects. 
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INTRODUCTION 


This chapter analyzes the benefits and costs of outer continental shelf (OCS) oil and 
gas development and production in the South Florida study area using the findings of 
economic studies conducted in Florida and other areas. Adjustments of these findings 
to the particular characteristics of the study area have been made wherever possible. 

All monetary measures of benefits and costs have been adjusted to a 1987 basis (in 
dollar values). The data and analyses presented in Chapter 11 (describing the socio- 
economic characteristics of the study area) are incorporated in this chapter. 


As noted in a recent report issued by a committee appointed by the National 
Research Council (NRC), there has been little or no study of the sociological effects of 
OCS development such as that being considered for the study area (NRC 1989). Thus, 
the present chapter must be considered as an analysis of economic effects. Social effects 
are included only insofar as they relate directly to economic outcomes. 


The approach of the chapter will be to describe and then evaluate (in monetary 
terms where possible) the major categories of benefits and costs which would be 
to flow to the U.S. society generally and the State of Florida in particular (as 
the directly affected region) as a result of development and production of the oil and 
gas resources currently estimated to be recoverable within the study area. This will be 
done using a conventional benefit-cost framework where benefits and then costs will 
identified and evaluated. A summary of the estimated net benefits and costs will be 
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presented at the conclusion of the chapter, along with a discussion of some important 
Categories of costs for which no data currently exist. The chapter begins by presenting 
an overview of the national significance of the OCS leasing question. 


The OCS is one of the Nation’s most valuable natural resources, supplying about 
one-eighth of U.S. crude oil production and nearly one-fourth of U.S. natural gas 
production in recent years (Minerals Management Service [MMS] 1987b, Appendix F). 


The South Florida OCS includes some highly regarded frontier areas. The Eastern 
Gulf of Mexico Planning Area in total (part of which is included within the study 
area--see Chapter 12) ranked third among 26 Planning Areas in industry interest for 
leasing, whereas the Straits of Florida Planning Area ranked 20th (MMS 1987b, Table 
13.3). MMS risked estimates' in mid-1987 of the resource potential of the two Planning 
Areas combined were put at a total of 250 million barrels of oil and 240 million barrels 
(oil equivalent) of gas, for a total of 490 million barrels of oil and gas (oil equivalent), 
assuming a $29 per barrel oil price (MMS 1987b, p. G-57). Total resource estimates for 
the entire Eastern Gulf of Mexico Planning Area were increased in July 1989 to 1.25 
billion barrels of oil and gas (oil equivalent), with about half of this total expected to be 
recoverable from the area south of 26°N (excluding the study area). There is a 99% 
probability of commercial hydrocarbons in the Eastern Gulf of Mexico Planning Area 
south of 26°N, according to this latest estimate (MMS 1989a). Also in 1989, resource 
estimates for the Straits of Florida Planning Area were revised to 79 million barrels of 
oil and gas (oil equivalent). Recent estimates by oil industry geologists suggest that 
potential reserves in the South Florida Basin could be much higher--as much as 
7 billion barrels of oil and gas (oil equivalent) (Schanck 1989). 


Following its legislative mandate, the U.S. Department of the Interior (USDOI) 
wishes to maintain the schedule of leasing and exploratory drilling in the South Florida 
Basin in order to determine the true size of the oil and gas reserves that may be found 
there and in the hope of obtaining additional domestic energy supplies from this area of 
the OCS. Officials of the State of Florida, on the other hand, acting as stewards of the 
unique environmental resources found in the South Florida area (particularly in the 
Florida Keys), are concerned that drilling and production of oil from the South Florida 
Basin could, in the event of a major oil drilling accident, expose the State to severe 
environmental and economic damages. Thus, there is a major conflict of goals between 
the national interest in enhancing domestic energy supply from renewed OCS leasing 
and the State of Florida's desire to protect its environment and its economic base in the 
tourism industry. 


In the first 14 years of leasing Federal lands offshore for oil and gas development 
(that is, prior to the Santa Barbara oil spill of January 1969), OCS lease sales were 
generally supported by the public, particularly in states such as Louisiana and Texas 
which had already leased substantial offshore acreage for oil and gas development on 
State lands. In the years since 1969, however, the response to proposed OCS lease sales 
in other, more pristine areas such as Alaska, California, and Florida has been mainly 
critical. This has been reflected in Congressional actions such as Federal regulations 
requiring the USDOI to balance energy resource development with protection of human, 


conditional estimate by the inal ility of commercial hydrocarbons. Only 


presented customanly 
barrels (1 = 42 US. or about 160 L) and gas resources in cubic feet (1 cubic foot = 
ao a Se umes have been converted to barrels of oil equivalent by dividing cubic feet by 
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marine, and coastal environments (OCS Lands Act Amendments of 1978, Sec.102 
(2)(B)) and moratoria on OCS leasing in environmentally sensitive areas, which have in 
recent years affected over 50 million acres of Federal lands offshore. 


The public’s perception of large potential economic and environmental costs of OCS 
oil development has heightened in the past year in the wake of widely-publicized 
incidents of pollution of U.S. coastal waters from non-oil sources such as untreated 
sewage and hospital wastes, together with major oil spills resulting from tanker acci- 
dents, particularly the Exxon Valdez. This rising level of concern makes it difficult for 
the public to see that there is a national interest in continued development of OCS 
lands as a major economic asset whose efficient utilization contributes to economic 
growth, national security, and the improvement of real income for all Americans, 
assuming that OCS development is carried out in an environmentally safe manner. 


A common misconception reflected in criticism of plans for additional OCS leasing 
is that Only oil companies benefit from these leasing programs. In fact, the benefits of 
OCS leasing and development are national in scope. That is, under the competitive 
bidding system that has governed OCS leasing since 1953, the Federal government has 
collected the net economic value (or economic rent) derived from the oil and gas 
resources on OCS lands in the form of bonus bids, royalties, and rent payments from 
companies that lease OCS lands. These Federal revenues reduce the net tax burden of 
all Americans. At the same time, a large part of the net profits of oil companies is 
distributed to U.S. stockholders (including pension and mutual funds) or is reinvested in 
the U.S. The Nation also gains as a result of the lessened dependence upon imported 
oil which increased production from the OCS provides. Also, many tankers that would 
carry imported oil into U.S. ports and thus expose the local area to the risks of tanker 
spillage are "backed out" (or are not needed) because of production of oil and gas from 
OCS leases. These benefits of oil and gas production from the OCS flow to all regions 
of the country. 


The costs of OCS development, on the other hand, have been disproportionately 
borne by the regions in which the development has occurred. Concern for the quality 
of the marine environment is felt not only in coastal states but throughout the country. 
However, it is still true that people living in coastal states are the most likely to be 
negatively affected by OCS lease development. Florida feels a particular vulnerability to 
the risks of offshore oil and gas development. The coastal environment in the South 
Florida area includes rare or unique ecosystems such as coral reefs, seagrass beds, and 
mangrove forests. In addition, the economy of Florida is heavily dependent on 
recreation- and tourism-based industries, together with high quality retirement-residential 
communities, both of which are based on an image of pristine beaches and pollution- 
free marine waters. 


Thus, the national benefits that would be derived from OCS leasing and develop- 
ment in the South Florida area (only a small proportion of which would accrue to 
Florida residents) appear small in relation to the potential costs to the State of OCS 
development, even given very low probabilities of any major OCS-related spills. 


The sections that follow will discuss both aspects of the proposed OCS lease sales 
in the South Florida study area: the benefits to the Nation of additional OCS leasing 
and development, and the expected environmental and economic costs that are most 
likely to result from such development. 
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NATIONAL ECONOMIC BENEFITS OF OCS LEASING IN THE 
SOUTH FLORIDA STUDY AREA 


Economic benefits flow to American socicty as a result of OCS oil and gas leasing 
in three major ways: (1) in the form of payments of coonomic rent (bonuses, royaltics, 
and rentals) to the Federal government, (2) as reductions in the marginal cost of 
imported crude oil; and (3) through enhancement of national security (including 
economic security). 


Economic Rent 


On average for all OCS leases, the market value of expected oil and gas resources 
exceeds expected costs of production. The difference is referred to as economic rent. 
Competition among bidders for OCS leases results in the transfer of all or part of this 
economic rent to the American people as owners of these resources.* 


Through 1988, lessees of OCS lands had paid the Federal government $151 billion 
(adjusted to 1987 dollars) in bonus, royalty, and other payments for OCS oil and gas 
resources, Or 42% of the total cumulative production value of these resources (MMS 
1989b, pp. 46-47). This amounts to about $15 in (1987 dollars) economic rent for cach 
barrel of oil produced (excluding that portion of OCS cconomic rent which is directly 
attributable to natural gas). 


The MMS has estimated that net economic value (market value minus costs of 
production) for the Eastern Gulf of Mexico Planning Arca will be about $4 to $5 per 
barrel, assuming oil prices of $24 to $29 per barrel (MMS 1987b, p. F-75). Because this 
net value estimate was made on the basis of the much lower (1987) rcsource estimate 
for the area, however, and in view of the present, higher resource estimate now accepted 
by the MMS (1989a), it is reasonable to assume that the new nct value estimate for the 
Eastern Gulf of Mexico Planning Arca would also now be much higher, probably on the 
order of $8 to $10 per barrel. The potential yicld of economic rent from the South 
Florida area cannot be known in the absence of specific knowledge of resource prices 
and costs of development for this area. But on the basis of historical average yield of 
economic rent per barrel and the MMS cstimate of net cconomic valuc (updated to 
1989 resource estimates), it is reasonable to put the estimate of potential economic rent 
from resources developed in the study arca at about $8 per barrel (1987 dollars). 


Marginal Import Premium on Petroleum 


Net imports of petroleum as a percentage of U.S. products supplied amounted to 
37% in 1988 and rose above 40% in 1989. The cost of these imports contributed nearly 
$40 billion to the U.S. trade deficit in 1988 (Energy Information Administration 1989). 


For simplicity of analysis, it is often assumed that the elasticity of supply of 
petroleum imports into the U.S. is very high (or, in other words, that import prices do 
not rise as U.S. demand for imported oil rises). In fact, given the share of world 
imports accounted for by the U.S., any increase in U.S. demand for imported oil tends 
to put upward pressure on the price paid, particularly in the short run. 
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One study of this effect cstimatcd that the “monopsony buying power wedge” for the 
U.S. was $10.50 per barrel in 1987 prices (Plummer 1981). More recent studics put the 
marginal import premium (or the cxcess of import costs per barrel above actual price) 
in a range from $6 to $124 per barrel, the latter figure including scoondary macro- 
coonomic effects (MMS 1987b, p. F-37). Given lower levels of crude oil prices current- 
ly, SS per barrel (1987 dollars) appears to be a conservative estimate of the import 
premium associated with incremental production of crude oil from the OCS--cspecially 
in view of the fact that this premium is attributed to oil production alone when, in fact, 
both crude oil and natural gas produced from the OCS have the effect of offsetting 
petroleum imports. 

Enhancement of National Security 


Two aspects of the national benefits of enhanced domestic energy production are 
relevant. The first is based strictly on considerations of national defense; the second 
embraces the broader issue of economic security. 


National Defense 


Petroleum supply is a critical requirement for a country in a time of war or national 
emergency. Tax preferences, oil import quotas, and other measures designed to protect 


An interruption in the supply of imported oil has the potential to severely disrupt 
the functioning of the U.S. economy, as the experience of the period following the Arab 


same, On a per-barrel basis, as those which are obtained from the SPR itself, or at least 
equal to the SPR's estimated opportunity cost of about $4 per barrel (1987 dollars) 
(Griffin and Steele 1986). 


This listing of the benefits of enhanced production from the Florida OCS is 
probably conservative because it ignores benefits of increased productivity of U.S. labor 
and capital involved in OCS development and makes no allowance for the effect of OCS 
production on the U.S. balance of payments, both of which would likely result in higher 
real income for Americans. Furthermore, no account is taken of possible technological 
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In summary, a Conservative estimate of the benefits of enhanced OCS oil production 
includes collection of economic ren: by the Federal government, reduction in the price 
premium on imported oil, and national security benefits. Together, these benefit 
categories amount to about $17 per barrel, on average, expressed in 1987 prices. It 
must be emphasized that these benefits represent a true social surplus above production 
costs for the people of the U.S. 


THE COSTS OF OCS OJL AND GAS DEVELOPMENT OFFSHORE 
FLORIDA 


The prospective benefits of OCS oil and gas production from the South Florida 
Basin must be balanced against the estimated external costs and negative regional 
economic effects of OCS development to determine whether thir development is 
economically justified. Two concepts of cost will be considered in this context. The 
most important is social cost, defined as the opportunity cost to the Nation of such 
prominent external costs as environmental damage, reductions in the net value of 
recreation, reductions in commercial fisheries yields, and other market and non-market 
costs. 


The second cost concept is damage to the regionai economy. Some regional damage 
costs involve social costs, as would be true if an oil spill damaged commercial fisheries 
in Florida with attendant losses of catch and value. Other regional damage costs are 
not social costs because the losses incuried in one region are offset by gains in another 
area, as would be true if an oil spill reduced tourism in Florida but temporarily diverted 
the same number of tourist visits to a non-affected arca in another state. 


Few environmental policy issues have received more comprehensive study in the 
U.S. than thai of offshore leasing and development. Through 1983, the USDOI alone 
had spent over $346 million on environmental and related studies of offshcre develop- 
ment, and planned to continue such studies at the rate of about $20 million per year in 
succeeding years (MMS 1983, pp. 48, 82, and 121-123). Additional studies of offshore 
oil and gas development and oil spill effects have been funded by the U.S. 
Environmental Protection Agency (EPA), the National Oceanic and Atmospheric 
Administration (NOAA), and other Federal and State agencies. 


_Despite these extensive research cfforts, a committee appointed by the NRC to 
review the OCS environmental studies program concluded that socioeconomic informa- 

tion on for Southwest Florida is not currently adequate, particularly in respect to analyses 
focused on the human environment, encompassing sociological, political, and psycho- 
logical effects (NRC 1989). There is no doubt that social impacts of OCS development 
have not been studied in any detail in Florida. Some aspects of economic damages have 
also not been studied directly as they relate to OCS leasing, as discussed in the next 
section. However, other important aspects of economic effects have been studied quite 
intensively. These studies have focused on the major areas of concern listed below: 
(1) effects on the natural environment; (2) effects on recreation and tourism; (3) effects 
on commercial fishing; (4) uncompensated costs of oil spill cleanup; (5) impairment of 
ait quality resulting from production, transportation, or processing of oil and gas; 
(6) impairment of water quality resulting from disposal of drilling Muids, cuttings, or 
produced water; (7) effects on property values; and (8) infrastructure costs. 


Effects on the Natural Environment 
This is the most difficult aspect of damages to attempt to quantify in economic 


terms, since many would question the validity of any specific dollar value that might be 
placed on an estuary, a mangrove community, or the life of a seabird or manatee. 
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Marine biologists carried out extensive studies of damage to the marine environment 
caused by oil spills such as Torrey Canyon, Santa Barbara, Zoe Colocotroni, and Amoco 
Cadiz. These studies documented major reductions in populztic': densities for many 
species of marine plants and animals in the short run. Continuing studies have shown 
that as time has passed, thc marine environment in these areas cither recovered or was 
ia the process of recovering? 


A more recent majo; oil spill raises serious concerns for Florida, however. In 1986, 
more than 50,000 barrels of crude oil were spilled from a ruptured storage tank near 
the Caribbean entrance to the Panama Canal. As in the case of the Zoe Colocotroni 
spill, there was extensive damage 10 mangroves, scagrasses, and their related biological 
communities. In addition, there was extensive mortality of subtidal corals that had not 
been demonstrated in other oil spills or in laboratory experstacnts. The injury to corals 
has allowed colonization of their bare skeleton by other organisms. The injured corals 
may also be more susceptible to epidemic disease and to grow and reproduce more 
slowly than uninjured corals, setting off a chain reaction that may continue long after oil 
is present in the environment (Jackson ct al. 1989). 


Considerable research has been conducted concerning methods of assessing the 
social cost arising from injury or death of non-marketed species in the natural environ- 
ment. One methodology uscs a “value in use” approach which evaluates a natural 
environment in terms of its effects on the food web or as one of the factors responsible 
for creating recreational opportunities (see, for example, Grigalunas ct al. [1988], which 
uses a simple food web model to simulate damages). This is the approach used by 
MMS in estimating the environmental costs reported in Table 16.1 (presented later in 
this chapter). Another approach attempts to measure the “option,” “preservation,” or 
“existence” values that are lost when living organisms are killed or injured as a result of 
an oil spill. Survey research is used in this case to determine “willingness to accept 
comper.sation” or, more likely, “willingness to pay" to avoid the damages suffered when 
an environmental incident causes death or injury to living things. The results of these 
surveys are likely to be questioned by many as speculative, however, because no moncy 
is actually changing hands and there is an incentive on the part of respondents to 
exaggerate their concerns when their response is costless.* 


Some would argue that any approach which attempts to measure the value of the 
natural environment in terms of dollars is fundamentally flawed. In this view, living 
Organisms have an intrinsic value that cannot be subjected to economic calculation. 
Such values should more properly be judged in qualitative terms only, without any 
attempt at translation into dollars. Unfortunately, however, this may leave important 


i 
| 
f 
i 
ij 
; 
4 
; 
i 


: 
d 
i 
L 
: 
: 
4 
| 


z 
te 
i 

z 

F 

é 
ie 
a 
z 


i 
i 
i 
| 
: 


; 
i 
53 
7 
| 
E 
| 
. 
i j 


il. 
at 
i 
i 
i 
t 
i 
3 


Socioeconomic Effects of Oil and Gas Development 


approaches to evaluating loss of human life. It would seem equally appropriate, then, 
to accept similar approaches in dealing with death or injury to other living things. 


Unfortunately, no economic studies have been conducted (using public opinion 
Surveys) to attempt to put a dollar value on society's willingness to bear the risk of 
environmenta! damage resulting from OCS development in the South Florida Basin. 
We have no data on which to base estimates of the “preservation,” “existence,” or 
“option” values associated with such prominent environments as the coral reefs in the 
Study area. Thus, any listing of potential environmental costs of OCS leasing is missing 
a potentially important element of social cost. New research studies are needed to 
contribute data and analysis in this area, as suggested in the Conclusions section below. 


The MMS (1987a, Vol. 2, Chapter 6) reached the following conclusions concerning 
the potential for environmental damage from the proposed 5-Year OCS Oil and Gas 
Leasing Program (5-Year Program) in the Eastern Gulf of Mexico Planning Area: 

(1) the overall impact in respect to offshore water quality is estimated to be low, (2) the 
level of impact on plankton is expected to be very low, (3) the level of impact on 
benthos in general in the Planning Area is expected to be very low, however, in those 
areas having live bottom, the effect could be very high where anchoring of boats, barges, 
and drilling rigs occurs; (4) the impact on fish resources is expected to be moderate; 

(5) the impact on marine mammals is expected to be low, (6) the impact on coastal and 
marine birds is expected to be low; (7) the impact on endangered and threatened species 
is expected to be low; (8) the impact on wetlands and coastal seagrasses is expected to 
be low; and (9) the impact on areas of special concern (specifically, the Florida Middle 
Ground) could be very high because of risk to the corals. 


From the viewnoint of many political leaders in the State of Florida, the central 
environmental concerns relating to the proposed OCS leasing offshore Fiorida are these: 
(1) the oil industry has not demonstrated a present capability to clean up and control a 
major Oil spill in the proposed leasing area; (2) too little is known about the environ- 
mental effects of the dispersants (such as Corexit) that might be used to control an oil 
spill; and (3) too little is known about the long-term effects of oil on fragile marine 
biological communities such as coral reefs, mangrove forests, and seagrass beds, which 
are likely to be affected by routine drilling operations as well as oil spills in the 
proposed lease area. Even if these communities were capable of recovering from oil 
spill effects over many years, significant damage to society would still have occurred 
(Martinez 1989; Twachtmann 1989). 


In reaction to the Exxon Valdez oil spill, a task force has been formed to develop 
the Petroleum Industry Response Organization (PIRO) (American Petroleum Institute 
1989; PIRO Steering Committee 1990). PIRO will be designed to respond to a 
216,000-barrel oil spill within five hours in coastal waters in any of five regions in the 
U.S. (including the Gulf of Mexico), but this response capability will not be in place for 
at least five years (Oil and Gas Journal 1989). This plan is evidence of the seriousness 
with which the oil industry views the problem of oil spills, but until the plan is 
implemented and shown to be effective, the State’s concern over the ability of oil 
companies to clean up a major oil spill will continue. 


The Florida Middle Ground is a topographic feature located about 160 km (86 nmi) west-northwest of 
Tarpon Springs. Risk of environmental damage in the Florida Middle Ground led the USDOI to exclude 23 
blocks in this area from leasing during all Eastern Gulf of Mexico Planning Area sales in the current 5-Year 
Program (MMS 1987a). 
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Effects on Recreation and Tourism 


Oil and gas development may adversely affect recreation values for both residents of 
and visitors to Florida in two ways: (1) by reducing the number of recreation visits to an 
affected area, and (2) by reducing the value of the recreation visits which continue to be 
made to the area. Even though a visit to a beach or a day of recreational fishing may 
have no admission fee and thus be “free,” each visit generally yields a net value above 
the cost of access to the recreation user. This value is referred to as “consumer's 
surplus” in economics. When a recreation site is injured by an oil-related incident, a 
social cost in incurred in the form of a loss of consumer's surplus. Using well- 
established methods of analysis (such as the travel cost method), economists can 
estimate the loss in the aggregate value of consumer's surplus caused by such an 
incident. 


In addition to the loss of consumer's surplus caused by an oil-related incident, the 
reduction in the number of recreation visits may cause a decline in the earnings of 
tourism-related businesses in the affected area. To the degree that this decline in 
tourism is offset by an increase in tourism and associaicd spending in another area 
within Florida, the net effect on the cconomy of Florida and on tax collections within 
the State will be minor, cven though the costs to the regional cconomy may be signi- 
ficant. Only if tourists are diverted to out-of-State recreation sites will there be damage 
to the State’s economy in addition to the loss of consumer's surplus discussed earlier. 


Even in the absence of an oil spill, routine and necessary operations of the oil 
industry involving construction crews, service boats, or the placing of platforms or other 
Structures in an otherwise pristine offshore area may create noise, unsightly visual 
intrusions, Or other interference with the peaceful enjoyment of marine recreation. To 
the degree that these kinds of operations reduce the quality or number of recreation 
visits, there will be a consequential reduction in consumer's surplus and possibly also 
damage to the regional economy. 


One study of the effects on recreation values of construction and operation activities 
relating to OCS leasing concluded that a major new OCS development requiring three 
platforms, two pipelines, and an onshore processing facility near a high-valued beach 
area in Ventura, California would reduce recreation attendance, spending, and 
consumer's surplus by 0.1 to 0.4% during the construction phase and by 0.4 to 2.9% in 
the operations phase (David Dornbusch and Co. 1987). The negative eficcts on 
beach-related recreation in South Florida of OCS oil- and gas-related construction and 
Operation in the study area would likely be smaller than those estimated above. The 
MMS estimated that only two platforms would be built and no pipelines to shore or 
new onshore processing facilitics would be required as a result of Icasing in the entire 
Eastern Gulf of Mexico Planning Area under the current 5-Year Program (MMS 1987a, 
Appendix K). Leasing in the Straits of Florida Planning Area was projected to result in 
construction of one platform, a gas pipeline landfall, and an onshore gas plant (MMS 
1987a); however, if leasing eventually occurs, the gas pipeline and gas processing plant 
are unlikely to be located in the study area (sce Chapter 12). 


Marine-related recreation and tourism have great significance for the economy of 
Florida, as is indicated in a number of recent economic studies: 


@ About three out of four of the 35 million tourists who visited Florida in 
1987 had one of Florida’s coastal counties as a primary destination for their 
trip. These tourists spent about $12 billion in the 35 coastal counties of 
Florida in that year, contributing 19% of the State sales tax collections 
made in those counties (Bell 1989). 
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@ Over 5 million people participated in recreational saltwater fishing in 
Florida in 1980 to 1981. They enjoyed over 58 million fishing days, about 
72% of which invoived tourists. Recreational fishermen spent about $2.6 
billion (1987 dollars) in Florida in the one-year study period, creating 
124,000 jobs (Bell et al. 1982). 


@ In recent years, over 600,000 boats have been registered in Florida, and 
1,500 marinas with 10 or more slips were in business to serve the demand 
for boating. There were also about 1,300 charter boats and other vessels 
available for hire (Adams 1987). The boat and trailer manufacturing 
industry, marinas, marine trades and services, and related industries were 
directly responsible for employing about 23,000 people in Florida in 1985 
(Milon and Adams 1987). 


@ Finally, over 5 million residents and 8 million tourists visited Florida’s 
beaches in 1984, generating 146 million recreation days and creating 180,000 
jobs. Beach-related spending generated $164 million in tax revenue for 
Florida in 1984, or 2.8% of State tax collections in that year (Bell and 
Leeworthy 1986). 


The recreation activities listed above are to a considerable degree overlapping (i.c., 
visitors t0 coastal counties are also saltwater fishermen, boat users, etc.). Thus, these 
estimates of spending and job creation cannot be simply added together. One general 
conclusion that may be reached, however, is that about 18% of all tourist visits within 
Florida occur in the study area, and this tourism generates approximately 3.5% of Gross 
State Product annually (see Chapter 11). 


Given the magnitude of Florida’s recreation and tourism sector and the degree to 
which it depends on the qualities of beaches and coastal waters, it is easily assumed that 
a major oil spill would result in serious, long-term injury to an affected coastal region. 
But the experience of the actual effects of several major oil spills in other areas shows 
that, in fact, these effects have been minor and of short duration. 


The Santa Barbara oil spill in 1969 resulted from an OCS production well blowout 
that caused 77,000 barrels of oil to be released to the marine environment. A large 
part of this oil was deposited along 50 km (27 nmi) of coastline in Santa Barbara and 
Ventura Counties, an area of exceptionally high quality beaches. While tourism declined 
in the City of Santa Barbara in 1969, studies showed that tourists were mainly diverted 
to other inland areas of Santa Barbara County. Overall, tourism rose in Santa Barbara 
County in 1969 (although the total number of tourists was about 5% below the expected 
number based on growth trends). Analysis showed that those tourists who did not visit 
Santa Barbara in 1969 were diverted to other California counties whose beaches were 
not affected by the oil spill and that the normal level of tourism was restored in the 
county by the third quarter of the year. Thus, the oil spill resulted in no net loss of 
revenues to the California economy. Based on a recreation survey conducted after the 
oil spill, it was estimated that the loss of consumer's surplus resulting from the decline 
in the number and value of beach visits amounted to about $9.5 million (1987 dollars) 
(Mead and Sorensen 1970). 


The Amoco Cadiz oil spill in 1978 resulted from the grounding of a tanker on the 
coast of France. The incident caused 1.6 million barrels of crude oil to be spilled along 
about 400 km (216 nmi) of the Brittany coastline, a very popular area for ocean-view 
holidays. The reduction in tourist visits to the affected coastal area in 1978 as com- 
pared to 1979 was estimated to be between 5 and 15%, with a 10% reduction in visitors 
Staying in hotels in the area. Almost all of the tourists who did not visit Brittany in 
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1978 visited another destination site in France instead. Thus, the loss of revenues to 
the French economy was probably very small. There was no evidence that the oil spill 
affected tourism in the area in 1979 or later years (Brown et al. 1983). 


The 1979 Ixtoc I oil spill was caused by an exploratory well blowout in Mexican 
waters within the Gulf of Mexico that spilled 3 to 5 million barrels of oil before it was 
controlled. Although major effects on tourism along the Texas Gulf coast near 
Galveston Island were expected, a study of the effects of the spill on tourism at three 
coastal Texas State parks found no effects on visitation rates, except those produced by 
gasoline shortages experienced in this area in the summer of 1979. The study made no 
attempt to evaluate any possible decline in the quality of recreation visits to the area, 
however (Freeman et al. 1985). Another study of the effects on tourism of the Lxtoc ] 
spill, based on interviews with owners of tourism-related businesses, concluded that the 
spill had resulted in the loss of about $12 million in tourist sales (Restrepo et al. 1982). 
This study did not correct for the effects of the gasoline shortages, however, nor was 
there any independent verification of the losses claimed by the business owners. 


In 1967, the Torrey Canyon spilled 850,000 barrels of crude oil near the southern 
coast of England. Researchers in Britain discovered no effects on tourism as a result of 
the Torrey Canyon spill and another major tanker spill (Newquay), both of which 
occurred near important tourist destination sites on the coast of Cornwall. The investi- 
gators concluded that “most people accept oil pollution as just another uncertainty 
relating to a seaside holiday," and that factors such as bad weather or other forms of 
coastal water pollution, particularly sewage, are "much more significant" than oil pollu- 
tion in affecting tourism (Royal Commission on Environmental Pollution [RCEP] 1981). 


The most relevant of the recreation loss studies cited above in attempting to 
evaluate the potential cost of an oil spill offshore Florida are the Santa Barbara and the 
Amoco Cadiz studies. Generalizing from these studies, it may be concluded that a major 
oil spill near a coastal recreation area in Florida would reduce visitation rates in the 
area by about 5 to 15% over one season but would have no long-term effect on tourism 
in the area. The reduction in visitation in the affected region would have only a small, 
temporary effect on the total amount of tourism within Florida because most tourists 
who did not visit the affected area would be diverted to other non-affected sites within 
the State. Thus, while private firms located in the affected areas would suffer losses of 
5 to 15% as a result of a major oil spill (losses which, in many cases, would be recover- 
able from the polluting firm or from compensation funds), there would be a much 
smaller loss of tourist spending within Florida as a whole (as a result of tourists 
diverted to Caribbean islands, for example). This conclusion assumes, of course, that no 
permanent injury to Florida’s coastal environment would have occurred. 


Even temporary environmental damage could create a significant loss of consumer's 
surplus, however. Based on Wilman’s (1984) simulations of the non-market based 
recreation losses that would be suffered in the event of hypothetical oil spills of 
1,000 barrels or 37,500 barrels occurring off the coast of Cape Cod, the USDOI con- 
cluded that OCS oil spills of this size could produce damages at Gulf of Mexico sites 
(reductions in consumer's surplus, in 1987 dollars) amounting to $538 per barrel reach- 
ing shore plus $135 per barrel in congestion losses to tourists who were diverted to 
other sites (MMS 1987b, p. G-36). These estimates (particularly the congestion losses) 
are probably high for various reasons relating to (1) the assumptions made in the 
scenarios used by Wilman, and (2) the choice by the authors of the MMS damage 
assessment report of the range of outcomes to be applied. Assuming these estimates 
are reliable, however, it may be concluded that an oil spill as large as the Santa Barbara 
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spill for which the proportion of oil reaching shore is 50% would impose non-market 
related losses on tourists and residents of Florida of about $26 million.® 


The oil spill effects on recreation that are cited above are similar in size to those 
estimated in a recent simulation of a major oil spill on the coast of Orange County, 
California (an area of high incomes and property values). Assuming a hypothetical oil 
spill affected summer tourism from Newport to Laguna Beach for a six-week period, this 
simulation predicted the spill would result in annual declines in boating (10.2%), 
recreational fishing (7.1)%, beach attendance (from 6.1 to 6.8%), and tourist spending 
(6.5 to 7.2%). The total losses in consumer’s surplus would be $18.3 million (David 
Dornbusch and Co. 1987, p. 1-15).’ 


The MMS recently initiated a new study of the effects of oil and gas development 
on recreation and tourism off the Straits of Florida. This study should provide more 
in-depth analysis of the potential effects of OCS oil and gas activities in this part of the 
Study area on the regional economy. 


Effects on Commercial Fishing 


Landings of commercial fish and shellfish in Florida in 1988 were valued at $175 
million, with about 30% of this total accounted for by ports within the three-county 
study area (Collier, Monroe, and Dade Counties). The value of seafood sold from 
processing plants in Florida in 1988 was $516 million, and an estimated 40,000 jobs in 
Florida are created by the harvesting, processing, and retailing of seafood in Florida 
(Cato 1989). 


Commercial fishermen can be affected in several ways by an oil spill in their fishing 
area. The oil may come into the ports or harbors where fishing boats are kept, denying 
them exit onto fishing grounds. Oil in the open seas may also disrupt the natural 
movements of adult fish and shellfish, diverting them to other areas and away from the 
fishing grounds used by local fishermen. More seriously, oil may invade nursery areas 
such as coastal wetlands, damaging eggs and juvenile fish, with negative long-run effects 
on adult populations. Estimates of the estuarine dependency of sport and commercially 
harvested fish in Florida range from 85 to 95% of the total value of the fishery catch. 
Estimates place the capitalized value per acre of wetlands (as habitat) in Florida as high 
as $9,811 on Florida's east coast and $2,276 on Florida’s west coast (Bell 1989). 


Damage to commercial fisheries resulting from oil spills has been most carefully 
documented in the cases of Santa Barbara and Amoco Cadiz. In the Santa Barbara case, 
protective booms were placed across the mouth of the Santa Barbara harbor for a 
period of about two months, preventing about 75 fishing boats and their crews from 
working. The total cost to the fishing industry resulting from this enforced idleness was 
about $2 million (1987 dollars) (Mead and Sorensen 1970). A later study that com- 
pared the expected to the actual catch by species in individual fishing zones within the 


the likelihood of an OCS well blowout offshore Florida of the size that occurred in Santa Barbara is 
small for several reasons, including the different geology of the eastern Gulf of Mexico, improvements in 
drilling techniques, and requirements that OCS wells be fully cased. Over the 18-year period from 1971 to 
1988, only 900 barrels of oil were spilled as a result of well blowouts from OCS leases (MMS 19896, p. 98). 


By way of comparison, the South Florida Planning Council (SFR estimated that an oil spill 
Dade County would result in the loss of 2 million to 4 million tourist nights, 


these losses assumed that ail tourists who would have come to these counties for coastal activities during the 
affected quarter would stay away in the event of an oil spill, an assumption that is contradicted by experience. 


620 


Socioeconomic Effects of Oil and Gas Development 


Santa Barbara Channel for the year 1969 showed a statistically significant decline in 
total catch of about $550,000 (1987 dollars). This loss amounted to <5% of the total 
catch in the region. There was no evidence of any reduction in expected catch in the 
time period after 1969 (Sorensen 1975). 


Damage to oyster culturing operations located in bays and estuaries heavily damaged 
by the Amoco Cadiz oil spill was significant, amounting to about $43 million (1987 
dollars) over the 21-month time period following the oil spill. Open seas fisheries were 
less severely affected, with total damage amounting to about $8 million (1987 dollars). 
The expected catch of open seas fisheries declined by about 27% during 1978, while the 
yield of oyster culture operations was reduced by about one-third over a four-year 
post-oil spill period. Holding tanks for lobsters and other shellfish that were located in 
the impact zone suffered losses of $4.6 million (1987 dollars), while the cost of cleaning 
damaged fishing boats amounted to $0.5 million (Sorensen 1983). Open seas fisheries 
in the area appeared to have recovered by the eighth month following the oil spill, but 
damage to oyster culturing continued into the fourth year, illustrating the particular 
vulnerability of an estuarine habitat to severe oil spillage. 


European researchers have studied effects of numerous oil spills on fisheries in the 
North Sea. Commenting on these studies, the RCEP declared, "we agree with the 
findings that the effect of oil pollution in general on adult fish populations is so slight 
as to be undetectable in fishery statistics" (RCEP 1981). 


Routine OCS drilling and production operations would be unlikely to have any 
significant effects on commercial fish catches offshore Florida. A study of conflicts 
between fishing and oil-related activities concluded that commercial fishing losses 
resulting from OCS oil and gas development in the eastern Gulf of Mexico would 
amount to <0.25% ainually (Centaur Associates, Inc. 1981, Vol. IV, Exhibit 6-3). 
Translating this finding to the study area, this would amount to a decline in annual 
values of commercial fisheries landings of about $150,000 annually. 


Because South Florida’s coastline is dominated by mangroves, marshes, other 
estuarine wetlands, and seagrass communities, the commercial fisheries of the three- 
county study area are probably vulnerable to more significant long-run effects from oil 
spills than were observed in either the Santa Barbara or the Amoco Cadiz incidents. 


Uncompensated Costs of Cleanup 


Fears that coastal residents or government agencies would be saddled with the costs 
of cleaning up oil spills left behind by unknown or insolvent parties led to legislation in 
the early 1970s that resulted in the establishment of oil spill compensation funds in 
several states (including Florida) and at the Federal level. There have been no sig- 
nificant indemnities paid for oil spill damage resulting from OCS development out of 
these funds. This result should be expected, since spilled crude oil can be fingerprinted 
and OCS operators cannot leave the scene of a spill. The Florida Coastal Protection 
Fund paid only about $20,000 per year in total claims for cleanup and damage from all 
types of oil spills over a recent six-year period (and none for OCS-related spills). The 
fund balance was accumulating interest so rapidly in recent years that the Florida 
Legislature was able to divert part of it to deal with groundwater contamination 
problems in the State. As a result of the Exxon Valdez spill, major revisions in the 
scope and funding of Federal oil spill compensation funds are under consideration, 
increasing the likelihood that cleanup costs for future oil spills in U.S. waters will be 
fully paid by the parties at fault or by the oil transportation industry generally. 
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In the only major oil spill on record involving OCS drilling (Santa Barbara), the 
responsible parties (Union Oil Company and its partners) agreed to pay “all costs of 
cleanup and restoration of the Santa Barbara-Ventura coastline to its original beauty 
and charm" (Gaines 1969). Over $31 million 1987 dollars were spent by the oil com- 
panies in cleanup and restoration efforts, which were considered successful. 


Oil companies face strict liability in respect to oil spill cleanup costs; thus, states 
and local governments are not required to prove negligence in order to recover these 
costs (Or, more likely, to enforce cleanup on an OCS operator). A recent Federal 
appeals court decision also increases the likelihood that companies responsible for oil 
spills will be required to restore an affected area. The Federal court of appeals in 
Washington, DC has rejected a USDOI formula for determining natural resource 
damages from an oil spill (or other pollution incident) that allowed polluters to pay 
either the cost of restoring the affected area or the market value of the damaged 
resources, whichever was less. The court ruled that companies responsible for oil spills 
should have to pay the full cost of restoring the environment to its condition before the 
damage occurred, except where restoration is technically infeasible or when the cost of 
restoration is wholly disproportionate to use value. This ruling is expected to substan- 
tially increase the cost to polluters of natural resource damage (State of Ohio, Petitioner 
et al. v. U.S. Department of Interior, cases 86-1529 and 86-1575, decided 14 July 1989). 


Impairment of Air Quality 


Environmental stipulations attached to OCS leases require use of “best available 
control technologies” on production, transportation, and storage facilities to protect air 
quality. The EPA and State pollution control agencics are both involved in developing 
these rules and in monitoring compliance. They have full access to platforms for 
purposes of inspection or testing (MMS 1983, pp. 84-85; American Petroleum Institute 
1984). Because of recent disputes over air quality impacts of offshore production in the 
Santa Barbara Channel, it is likely that the EPA will give local environmental agencics a 
greater role in determining air quality requirements for OCS leases in the future. 


After studying the effects on air quality that might result from a proposed Icase sale 
in the Eastern Gulf of Mexico Planning Area, the MMS concluded that the ambient air 
quality in the region was generally better than National standards; that 19 of the 22 
counties bordering the Eastern Gulf of Mexico Planning Area are clean-air counties; and 
that only one county (Dade) in the study area is a non-attainment area (Primary- 
Ozone). Everglades National Park has been declared a mandatory “Prevention of 
Significant Deterioration" (PSD) Class | area by the EPA because visibility is an 
important value. The area is currently within standards for PSD. Because of prevailing 
meteorological and other characteristics, the MMS believes that transport of emissions 
from offshore sites to onshore coastal areas in Florida would be rare. In addition, the 
State of Florida has a State Implementation Plan for air quality coupled with regulatory 
enforcement and monitoring programs that would apply to the OCS leases in the study 
area. The MMS concluded that the overall impact of OCS operations on coastal air 
quality in expected to be low in Dade and Monroe Counties and very low in Collier 
County (MMS 1987a, III.B.-37-38 and IV.B.6-5).° 


Aur ity regulations applying to OCS activities are set forth by the MMS (1987a, Vol. 3, 
Appendix B). 
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impairment of Water Quality from of Drilling Fluids, 
Cuttings, Produced Water, and Platform Wastes 


The effect of drilling fluids and cuttings on the marine environment has been a 
major concern, leading to research expenditures of about $15 million in recent years. 
These studies concluded that environmental effects of drilling fluids are localized and 
temporary (RCEP 1981; MMS 1983; NRC 1983; Engelhardt et al. 1989). Only low- 
toxicity drilling fluids (all approved by the EPA) are used offshore. Localized turbidity 
is created by construction and drilling, which would have only a small effect on phyto- 
plankton but which could interfere with the respiratory or feeding mechanisms of other 
marine Organisms within the affected area. The level of turbidity associated with OCS 
drilling is generally less than that created by conventional dredging or clam harvesting 
activities. The discharge of produced water and treated sanitary wastes will have only a 
small effect on water quality in a limited area around a platform. Under EPA regula- 
tions, produced water must be treated and separated before it can be reinjected or 
discharged from a platform. The MMS estimates that the overall impact on offshore 
water quality from the proposed leasing in the study area will be low (MMS 1987a, 
[V.B.6.-3). 


As noted in Chapters 12 and 13, effects of routine discharges in the study area 
could be lessened or avoided through mitigation measures, including spatial separation 
of discharges from sensitive ecosystems such as seagrass beds and coral reefs. Based on 
the record of OCS operations elsewhere in the Gulf of Mexico (e.g., Flower Garden 
Banks), it is unlikely that unrestricted discharges would be < wed near coral reefs or 
seagrass beds in the study area. 


Effects on Property Values 


A study of the economic cost of the Santa Barbara oil spill concluded that property 
values of private homes in the beachfront area had declined temporarily as a result of 
the spill, with consequent losses of economic rent to owners amounting to about 
$3.5 million (1987 dollars) (Mead and Sorensen 1970). A similar analysis of possible 
losses of property values in the area of Brittany most affected by the Amoco Cadiz oil 
spill showed that no discernible losses had occurred, however (Sorensen 1983). The 
main reason for the latter conclusion was that only a small number of real estate sales 
typically take place in the coastal area of Brittany in any one year. It is likely, there- 
fore, that property owners actually suffered temporary losses in implicit rent (or amenity 
value of private homes) on the same order as the losses observed in Santa Barbara 
despite the fact that there were too few transactions to document these losses. 


The important conclusion from both of these studies is that values of property near 
the ocean are determined by long-run factors relating to the increasing scarcity of 
private beachfront locations in desirable areas. After a temporary decline in value in 
the event of an oil spill, property values in an affected coastal area can be expected to 
return to their normal levels reflecting the premium associated with their preferred 
location. 


infrastructure Costs 


Any major new OCS development near Florida’s coastline may be expected to have 
some effect on the local area in terms of requirements for new ports, roads, airports, or 
schools. This category of costs is referred to as infrastructure impacts. Because of the 
control exercised by local governments over development in the coastal zone, and given 
their ability to pass on the extraordinary costs of new development of this kind through 
impact fees, special assessments, requirements for provision of roads and sewer systems 
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and the like, it is unlikely that any seriously conflicting onshore development would be 
permitted in the study area or that the costs of required new infrastructure would be 
paid by existing taxpayers. The net fiscal impact of new industrial development in local 
areas is generally believed to be neutral or positive, as is evidenced in the fact that 
many local governments in Florida have sought to attract new industries expecting to 
recover for any short-run costs through expansion of their tax base. After reviewing 
several studies of the benefits and costs to local governments of OCS oil development, 
the MMS concluded that the most reasonable hypothesis is that such development has 
no net fiscal impact (MMS 1987b, p. G-53). 


A study of the actual demands on a local economy in Florida resulting from the 
drilling of a well in the East Bay area near Pensacola concluded that about two-thirds of 
the workers and field service companies involved in the drilling program came from 
locations outside of Florida (Herbert and Lampl 1983). 


In 1987, the MMS estimated that infrastructure requirements for developing leases 
in the entire Eastern Gulf of Mexico Planning Area would include 2 platforms, 
19 exploration wells, 36 development and production wells, and 1 new support base 
(MMS 1987b, Appendix K). All of the other facilities, including pipelines and proces- 
sing facilities, are already in place in the central Gulf of Mexico region. Only 400 new 
jobs and a population increase in Florida of 300 are expected to result from this 
development plan (MMS 1987b). Leasing in the Straits of Florida Planning Area was 
projected to result in 1 platform, 9 exploration wells, 13 development and production 
wells, and 1 gas pipeline to shore. The initial supply base for drilling in the Eastern 
Gulf of Mexico Planning Area would probably be Port Manatee (outside of the study 
area), which should already have sufficient capacity to accommodate the new activity 
(Martin 1989; Schanck 1989). An unlikely (marginally suitable) temporary supply base 
could also be created in Ft. Myers (see Chapter 12). Because of the limited amount of 
new construction that would be required and the location outside of the study area of 
major onshore facilities such as supply bases, gas processing plants, and refineries, there 
will be little demand on local governments in the study area to provide new infra- 
Structure. Thus the conclusion that the proposed OCS leases will have no net fiscal 
impact on local governments in the study area appears to be warranted. 


SUMMARY OF ESTIMATED ECONOMIC EFFECTS 


Economists providing economic impact analysis to the MMS have studied many 
important aspects of the national and regional damage costs which might be expected in 
the event of an oil spill resulting from OCS lease development in 22 OCS Planning 
Areas, including the Eastern Gulf of Mexico and the Straits of Florida (MMS 1987b, 
Appendix G). They have converted “costs per oil spill incident” estimates from studies 
of previous oil spill cases to a “cost per barrel of oil spilled,” which they have then 
applied to each Planning Area on the basis of its individual ecological characteristics 
and other factors. The results of that analysis for the study area are summarized in 
Table 16.1. 
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Florida Planning Areas (From: Minerals Management Service 1987b, 
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(1987 dollars) 
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Based on the estimates reported in Table 16.1, the total costs of an oil spill in the 
Study area (including costs to the local economy) are estimated to be $1,602 to $1,700 
per barrel of oil reaching shore plus $276 to $374 per barrel spilled but not reaching 
shore. 


The MMS has estimated a 10% probability of one or more oil spills >1,000 barrels 
occurring over the 35-year life of the proposed leases in ihe study area (MMS 1987a, 
IV.B.6.-5). The MMS conducted extensive analyses of spill probabilities in the Eastern 
Gulf of Mexico and Straits of Florida Planning Areas (using the mid-1987 estimates of 
total economically recoverable resources in these two Planning Areas and assuming 

t and production of these resources over a 35-year time period) and 
concluded that the expected total amount of oil spilled at a crude oil price of $29 per 
barrel (1987 dollars) would be 9,533 barrels reaching shore plus 10,999 barrels remain- 
ing at sea (MMS 1987b, p. G-63). 


Florida Planning Area is 63 million barrels of oil (U.S. Geological Survey [USGS] and 
MMS 1989). The most recent estimate for the leased and unleased portions of the 
Eastern Gulf of Mexico Planning Area south of 26°N (excluding the study area) is 
610 million barrels of oil (MMS 1989a). Assuming on the basis of the relative acreage 
involved that the portion of the study area within the Eastern Gulf of Mexico Planning 
Area contains about one-third as much crude oil as estimated above for the region 
south of 26°N, the total resource base in the study area would include 266 million 
barrels of economically recoverable crude oil, or about 1.06 times the estimate used in 
the 1987 MMS spill projection cited above. Multiplying the spillage figures given above 
by 1.06 yields estimates of oil spillage in the study area, over the 35-year life of the 
proposed leases, of 10,105 barrels of oil reaching shore and 11,659 barrels remaining at 
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Assuming for the sake of simplicity that the costs per barrel of oil spills will rise 
after 1987 at the same rate as the discount rate, the cost estimates reported in 
Table 16.1 are equivalent to the present discounted value (in 1987) of the costs of an 
oil spill in any future year. Using this simplifying assumption, we may multiply the 
estimated total costs per barrel from Table 16.1 (using the mid-points of the estimated 
ranges) by the expected total quantity of oil spilled (as explained in the paragraph 
above) to obtain a total expected cost. For the study area alone, the expected cost (in 
1987 dollars) following this approach amounts to $20.5 million. 


An alternative estimate using the costs reported in Table 16.1 may be based on a 
hypothetical spill equal in size to that which occurred in Santa Barbara (77,000 barrels). 
Assuming that as much as on:-half the oil spilled in an incident of this magnitude 
reached the shore, the estimated costs of the spill would be $76 million (1987 dollars)."" 


These resources would be produced in future years, but assuming the net benefits to 
society of increased production from the OCS rise each year at the same rate as the 
discount rate, the estimates developed above for the net social benefits of incremental 
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The analytical approach followed here has many inherent difficulties, since it is 
based on studies of oil spills in other areas with different relative impact costs. 
Although all the oil spill costs used in the analysis have been updated to account for 
inflation (to 1987 price levels), concerns may be raised that an actual oil spill offshore 
Florida in a future year would require greater efforts in cleanup and control (and higher 
relative costs) than were experienced in earlier time periods and other places, or that 
some categories of cost (such as damage to coral reefs and seagrasses or to specialized 
forms of recreation such 25 sport fishing and reef diving) may be greater in the case of 
Florida than what has been experienced in other areas. 


The cost estimates presented here also include no allowance for social effects of the 
type described in the NRC (1989) report, nor do they include newer categories of 
economic damages such as “preservation” or “existence” values, assuming these types of 
damages are ultimately accepted in law and economics. 


CONCLUSIONS 


The economic effects of OCS oil and gas development in the study area (discussed 
above) have been based on hypotheses concerning the estimated volume of resources 
which may be recovered in the study areca, the number and location of wells drilled and 
platforms constructed to produce these resources, and the type and location of the 
transportation and service facilitics needed to bring any produced resources to markct. 
These hypotheses cannot be verified until the leases are sold, exploratory drilling is 
completed, and plans for production are finalized. Thus, important information needed 
to conduct an accurate assessment of socioeconomic effects cannot be known in advance 


of drilling. 


In view of this difficulty, it has been suggested that OCS leasing be carried out in 
two stages. Permission to proceed with development would be granted only after 
exploratory drilling discovered sufficient resources in place and after environmental and 
socioeconomic analyses were conducted on the basis of the development plan submitted 
for recovering these resources. 


This two-stage procedure raiscs serious new problems, however, including a reduc- 
tion in the size of the bonus bids that companies would be willing to pay for the right 
tO carry Out exploratory drilling programs, probable future cost-sharing by the public of 
some exploratory drilling costs, and the creation of additional legal and regulatory 
barriers to ultimate development and production. In view of these problems, it is 
apparent that a two-stage leasing system would not necessarily improve the overall 
efficiency of the OCS leasing program of the Nation. It is likely, therefore, that OCS 
leasing decisions will continue to be made in the face of limited information concerning 


specific development plans for the icase sale area. 


This chapter has relied on the experience of OCS leasing in other arcas to develop 
a set of benefit and cost estimates which were then applied to the study area. These 
estimates indicate that OCS leasing in the study area would probably yield large net 
economic benefits to the U.S. public generally and smaller but still positive net benefits 
to Florida also, assuming the absence of major changes in future environmental costs or 
other features of the model used. 


This conclusion must be tempered by two caveats: (1) no study has been completed 
of the sociological effects of OCS leasing in the study area; and (2) a potentially 
important category of economic costs has not been included in the cost estimates used 
in the analysis presented in this chapter. While additional refinements of the cost 
estimates given in this chapter will be provided in a new study of the costs of OCS 
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development (to be included in the 5-Year Program for 1992 to 1997), this research will 
noi fill the gaps in information noted above. 


Sociological studies of the possible effects of OCS leasing in a community such as 
Key West in the heart of the study area would answer at least some of the questions 
raised in the NRC (1989) report cited carlicr and would possibly also permit a policy 
evaluation to be made concerning the validity and usefulness of this type of impact 
analysis. 


high priority for future MMS research. Questions concerning the importance of the 
“existence,” * and “option” values of these important environmental assets 
will continue to be raised. Since this category of potential damages incorporates a large 
part of the general public’s concern over OCS leasing, it would seem appropriate that 
research studies be carried out in this area despite the reservations that will continue to 
be raised concerning the meaning and validity of these categories of damages. 
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INTRODUCTION 


This report had three main goals: (1) to review and synthesize geological, chemical, 
biological, cultural resource, and socioeconomic information for the study area 
(Figure 17.1); (2) to evaluate potential effects of offshore oil and gas operations; and 
(3) to recommend mitigation measures and evaluate future research needs. 
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Conclusions and Recommendations 


All of these topics have been discussed in the preceding chapters. However, in 
Chapters 2 through 11, the main focus was on basic knowledge, rather than information 
needed for decisions about outer continental shelf (OCS) oil and gas operations. In 
Chapters 12 through 16, the main focus was potential effects of OCS activities. The 
purpose of this chapter is to draw together information from the various chapters, 
highlighting significant findings and information needs in the context of OCS decision- 
making. 


In preparing this chapter, | have selectively drawn information (and in some cases, 
text) from the other chapters. The conclusions and recommendations presented here 
are based on my interpretation of the data and do not necessarily reflect the views of 
the other chapter authors. 


The first part of the chapter focuses on conclusions concerning the South Florida 
environment. Characteristics that should be taken into account in decisions about 
offshore leasing are highlighted--especially those relating to the sensitivity of the 
environment to oil spills and other agents of change. The second part focuses on 
conclusions about oil and gas operations, including resource potential, level of explora- 
tion and development activity, and environmental and socioeconomic effects. The third 
section evaluates information needs identified by chapter authors in relation to decisions 
about oil and gas leasing. A final section recommends mitigation measures and further 


Studies. 
CONCLUSIONS CONCERNING THE SOUTH FLORIDA 
ENVIRONMENT 


Physical/Chemical Environment 


Climate is an important influence on South Florida's marine communities. In 
particular, the Florida Reef Tract is near the northern limit of active reef devclopment. 
Temperatures are sufficiently mild most of the time to support reef-building corals and 
other Caribbean flora and fauna. However, occasional winter cold fronts can kill or 
injure corals, reef fishes, and other tropical biota. Conversely, prolonged high tempera- 
tures during late summer doldrums produce massive coral bleaching events once or 
twice a decade. Hurricanes can kill, damage, or stress reef corals, mangroves, seagrasses, 
and associated fauna. The effects of oil and gas operations on coastal and nearshore 
communities must be evaluated in the context of these natural stresses (and others 
brought on by activities of an expanding human population) that may limit the ability of 
these communities to recover from environmental damage. 


The geographic configuration of the study area is also important for several reasons. 
The Florida Keys archipelago divides the study area into geologically and oceano- 
graphically distinct subregions (Chapter 2). Key Largo and the Lower Keys shield 
portions of the Florida Reef Tract from cold water outflows from Florida Bay during 
winter, allowing reef-building corals to thrive (Chapter 4). Due to the presence of the 
Florida Keys, the Ten Thousand Islands, and the many mangrove islands in Florida Bay, 
there is more shoreline per unit of leasable acreage in the study area than in any other 
OCS Planning Area outside Alaska. Much of this shoreline consists of low-energy 
habitats such as sheltered mangrove forests and tidal flats, where spilled oil would 

and cleanup would be difficult or impossible (Chapter 15). In some areas, such 
as the Ten Thousand Islands and the Lower Keys, the complex nctwork of islands and 
channels would make the logistics of oil spill response very difficult. The basin-in-basin 
"honeycomb" topography of Florida Bay is also important because seagrass communitics 
thrive atop shallow mudbanks separating the basins. Because of the shallow water depth 
(some mudbanks are partly exposed at low tide), the associated seagrass communities 
would be very susceptible to oiling (Chapter 4). Shallow water would also severely limit 
oil spill response and cleanup measures in Florida Bay. 
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Though not a topic of this report, physical oceanography is a major consideration in 
the study area. The Loop Current and the Florida Current affect sediment distribution 
(Chapter 2), transport larvae of fish and invertebrates (Chapter 6), and carry pelagic tar 
from the Gulf of Mexico around to Southeast Florida beaches (Chapter 3). Loop 
Current intrusions stimulate water column primary productivity over the Southwest 
Florida shelf (Chapter 6), potentially releasing pulses of organic matter to the benthos. 
Geostrophic upwelling due to passage of the Loop Current along the edge of the 
Southwest Florida shelf results in high near-bottom nutrient levels on the middle shelf, 
which may contribute to the predominance of dense aigal live bottom communities there 
(Chapter 5). The restricted circulation of Florida Bay affects the geological, hydro- 
graphic, and biological characteristics of the bay. The Florida Current influences the 
routes of oil tankers through the Straits of Florida: those traveling east and north 
through the Straits stay well offshore to ride the current, whereas those going the other 
way travel closer to shore to avoid the strong flow (Chapter 12). 


Because of the area’s low overall population density, low level of industrial develop- 
ment, predominantly carbonate sediments, and lack of major rivers, concentrations of 
chemical contaminants are generally low (Chapter 3). Local elevations in trace metal 
concentrations may Occur near power plants, boat basins, and other sites of human 
activity. Moderate to high concentrations of pelagic tar occur in the Straits of Florida, 
and these originate mainly from crude oil discharges by tankers in the Gulf of Mexico. 


South Florida's trace metal and hydrocarbon characteristics illustrate a major 
difference between the study area and the northwestern Gulf of Mexico, where most 
previous offshore drilling and production have occurred. In the northwestern Gulf, the 
Mississippi and Atchafalaya Rivers transport huge volumes of water and sediment to the 
ocean. The quantities of sediment, trace metals, and hydrocarbons from this source can 
mask local changes in the environment caused by offshore oil and gas operations. 
Moreover, the environmental variability caused by the Mississippi River outflow has 
profound effects on benthic and pelagic ecosystems, sometimes making it difficult to 
detect biological effects of oil and gas operations. In contrast, additions of trace metals 
and petroleum hydrocarbons from oil and gas operations in South Florida should be 
readily detectable. The isolation of South Florida from the Mississippi River influence 
removes One major source of environmental variability, perhaps making it easier to 
detect changes in some biological communities. 


Water quality problems have been identified with the urbanization of South Florida 
and will continue to require research and management, regardless of whether offshore 
leasing occurs. The problems include turbidity from dredge and fill projects, hyper- 
salinity due to evaporation and limited freshwater discharge into Florida Bay, intro- 
duction of pesticides from agricultural drainage, and nutrient enrichment of groundwater 
and nearshore waters due to onsite sewage disposal in the Florida Keys. These 
problems are all part of the context in which any new human activity such as offshore 
drilling must be evz!uated. 


Biota 
Coastal and Nearshore Communities 


The combination of mangrove forests, coral reefs, and seagrass beds found in the 
Study area does not occur anywhere else in the U.S. On the basis of its natural beauty 
and its ecological and economic importance, this interrelated system can be considered a 
State and National treasure. South Florida's valuable commercial and recreational 
fisheries depend on numerous species that inhabit mangrove forests, coral reefs, or 
seagrass beds during all or parts of their life cycles (Chapters 4 and 7). These 
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ecosystems provide habitat and/or foraging grounds for many species of coastal and 
marine birds ( 9). In addition, South Florida's coral reefs serve as natural 
breakwaters and an array of recreational opportunities that attracts millions of 


tourists each year (Chapter 11). 


The State and the Nation place a great deal of importance on preservation of South 
Florida’s coastal and nearshore habitats. The study area includes 60 sites of special 
concern, including State and National parks, aquatic preserves, wildlife refuges, and 
marine and estuarine sanctuaries. Prominent among these are Everglades National Park, 
Fort Jefferson National Monument, and the Key Largo and Looe Key National Marine 
Sanctuaries. In addition, the entire Florida Keys has been designated by the State as 
Outstanding Florida Waters and as an Area of Critical State Concern. The Everglades 
has been designated by the United Nations as an International Biosphere Reserve and a 
World Heritage Site. 


South Florida's coastal and nearshore communities are subject to damage and stress 
by natural events such as hurricanes and cold fronts, as well as human activities 
associated with development in the Florida Keys (Chapter 4). The Florida Reef Tract 
exists at the northern threshold for reef development, and it is threatened by sediment 
influx and nutrient enrichment resulting from coastal development. Because of the 
existing threats and the decline in reef vitality in recent vears, the ability of the reefs to 
recover from major environmental damage is uncertain. Most mangroves within the 
Study area grow under less-than-optimum conditions and can be classified as stressed. 
Coastal urbanization threatens seagrass and coral reef habitats by removing terrestriai 
vegetation and mangroves, which act as filters that absorb nutrient- and sediment-laden 
runoff. Occasional freshwater releases from canals into Florida Bay can result in severe 
damage to seagrass communities. Recent events such as the massive seagrass die-off in 
Florida Bay and coral bleaching in the Reef Tract illustrate the fact that the continued 
health of these communities cannot be taken for granted. Any new human activity that 
might affect these communities must be evaluated against this background. 


Offshore Benthic Communities 


Hard bottom communities and deepwater seagrass meadows occur widely in Federal 
waters of the Southwest Florida shelf and on the shelf offshore of the Florida Reef 
Tract (Chapter 5). Although much information about the distribution of benthic 
communities is available through recent Minerals Management Service (MMS) studies, 
little is known about the ecological importance of these communities or their sensitivity 
to physical disturbance, sediment deposition, and chemical contamination. 


Hard bottom areas and deepwater seagrass meadows are accorded special considera- 
tion by the MMS and the State of Florida. This regulatory protection is based on a 
simplistic view of these areas as “oases” of productivity in a “desert” of sand bottom 
(Chapter 5). Soft bottom areas (which serve as foraging grounds for many hard bottom 
fishes) and macroalgal communities are not accorded special protection. Whatever the 
merits of the regulatory scheme, the presence of hard bottom communities and deep- 
water seagrass meadows is certain to influence the course of OCS development in the 
study area. Because these communities are so widely distributed, every stage of OCS 
operations is likely to be complicated by the need for additional studies and protective 
measures. 
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Plankton 


Subtropical and tropical, oligotrophic waters such as those of the study area have 
tightly coupled pelagic food webs (Chapter 6). Steady-state phytoplankton biomass and 
productivity are maintained by zooplankton grazing and nutrient excretion. Therefore, 
these ecosystems may be extremely vulnerable to perturbations at lower trophic levels. 
Nearshore and estuarine zooplankton populations may be more sensitive than open 
ocean populations to surface contaminants because restricted circulation limits reinocula- 
tion with new recruits. Meroplankton, particularly the larvae of commercially important 
fish species, are more abundant in nearshore and estuarine waters, where they are 
especially vulnerable to oiling. 


Fish Communities and Fisheries Biology 


South Florida possesses a diverse fish fauna, including many species of commercial 
or recreational importance (Chapter 7). (The economic importance of area fisheries is 
discussed below under Socioeconomics). The diversity of fishery resources within the 
Study area is unparalleled in the continental U.S. At one life stage or another, many 
species of fish and shellfish, including pink shrimp, spiny lobster, and stone crab, inhabit 
coastal and nearshore ecosystems such as mangrove forests, coral reefs, and seagrass 
beds. Area fisheries are therefore dependent on the continued health of these eco- 


systems. 


Most species of commercially and recreationally valuable fish have pelagic eggs that 
undergo initial development in surface waters (as ichthyoplankton), where they would be 
susceptible to oil. Because of the restricted nature of seasonal spawning and the 
concentration of eggs and larvae over spawning grounds and nursery areas, nearshore 
and estuarine fish populations could be very susceptible to damage by oil reaching 
coastal waters. 


Several fishery species in South Florida, both migratory and resident species, are 
overexploited (Chapter 7). Any additional source of mortality from human activities is 
of concern. 


Two protected fish species are found only in the Lower Keys: the Key silverside 
(Menidia conchorum) and the Key blenny (Starksia starcki) (Chapter 15). Both species 
are year-round residents. The Key silverside is a Florida Threatened species, and the 
Key blenny is a Florida Species of Special Concern. Because these species live only in 
Shallow, coastal waters of the Lower Keys, a large oil spill could affect the entire 
population of either species. 


Marine Mammals and Sea Turtles 


Thirty species of marine mammals and five species of sea turtles may be found in 
the study area (Chapter 8). Six of the marine mammal species (five whales and the 
Florida manatee) are Endangered. Four of the sea turtles (green, hawksbill, Kemp's 
ridley, and leatherback) are Endangered, and one (loggerhead) is Threatened. The 
Florida manatee and the bottlenose dolphin are the most commc.1 marine mammals in 
the study area. All of the sea turtles occur in the study area, but only the loggerhead 
nests there. 


Potential sources of mortality to any Endangered or Threatened species (as well as 
tO any marine mammal, under the Marine Mammal Protection Act) should be cause for 
concern. Two species are of particular concern with regard to oil spills, as indicated 
below: 
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@ Florida manatee. This Endangered species is increasingly threatened by human 
activities in the coastal environment, especially boat traffic. Because of the 
species’ low population size (about 1,200 individuals in Florida), low reproduc- 
tive rate, and high yearly death rate (about 120 animals), any potential source of 
additional mortality is of great concern. Manatees are found in coastal waters 
throughout the study area, and they tend to congregate during winter, when they 
presumably would be most vulnerable to an oil spill. 


@ Loggerhead sea turtle. This Threatened species nests on the beaches of 
Southwest Florida, the Florida Keys, and the Dry Tortugas. Thus, loggerheads 
would be more vulnerable than the other sea turtles to consequences of an oil 
spill, such as contamination of nesting areas and physical/mechanical damage to 
nests during cleanup activities. Other human activities, such as habitat destruc- 
tion (nesting beaches, seagrass beds), incidental take in fisheries (drift gillnets, 
purse seines, long-lines, shrimp trawis), entanglement in and ingestion of plastic 
debris, etc. are killing these animals in increasing numbers. 


Coastal and Marine Birds 


South Florida's extensive wetlands and other coastal habitats serve as nesting and 
feeding grounds for over 100 species of coastal and marine birds (Chapter 9). In 
addition to the year-round inhabitants, many birds are seasonal residents or pass 
through the area during migrations. The variety of bird life supports popular recrea- 
tional activity such as birdwatching and hunting, and it is a major element in the 
aesthetic appeal of South Florida to tourists and residents. 


South Florida’s avifauna includes populations of 27 protected species (Chapter 9). 
One reason for the large number of Endangered and Threatened species is the wide- 
spread destruction and alteration of South Florida native habitats due to human 
development. Human-altered water flow patterns in the Everglades are responsible for 
the decline of some species (¢.g., the Wood Stork). 


Many South Florida bird species nest, forage, or breed in coastal wetlands or on 
islands, where they would be extremely vulnerable to oiling. Many species are depend- 
ent on the continued health of mangrove communities. Several unique bird populations 
in the study area could be jeopardized by a single catastrophic event such as a large oil 
spill. Some examples are listed below (see Chapter 9 for more information). 


@ Great Blue Heron (white color morph). The major range and virtually the 
entire nesting area of the white color morph lies within the study area (Florida 
Bay and the Lower Keys). The population, estimated at about 900 birds, is 
largely sedentary. Recent studies indicate a lack of reproductive success of this 


color morph, apparently due to inadequate food supplies. 


@ Reddish Egret. The Florida Bay population of this Florida Species of Special 
Concern is probably a unique one in terms of its gene pool, and the population 
is estimated at below 300 pairs. The Reddish Egret is a sedentary species that 
has become ecologically restricted to an area where the productivity of its food 
sources has become marginal. 
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@ Roseate Spoonbill, The Roseate Spoonbill is a Florida Specics of Special 
Concern. The species recovered from near extinction carlicr in the century, but 
the population is once again siressed and in decline because of inadequate food 
supplies due to altered freshwater flow from the Everglades. The spoonbills in 
Florida Bay constitute a distinct subpopulation that has developed “traditions” to 
this area (¢.g., when and where to migrate and nest). This means that if the 
subpopulation were destroyed, the arca would not soon be colonized by new 
individuals from other areas. 


@ Roseate Tern. The South Florida population of this Threatened species is the 
only one in the U.S. south of North Carolina. A colony of about 300 breeding 
pairs on a freshly bulldozed Key West harbor island could be the largest colony 
in the eastern U.S.; the entire North American population is estimated at 2,500 
pairs. 

@ Sooty Tern and Brown Noddy. Both species, though not on the Endangered or 
Threatened list, would be particularly vulnerable to oiling during their spring- 
summer nesting period at Bush Key in the Dry Tortugas. The Dry Tortugas are 
the only important nesting ground in the continental U.S. for both 
Sooty Terns nest from March through August, with over 30,000 individuals 


my Several hundred to several thousand Brown Noddics nest there from 
rch through October. 


®@ Southeastern Snowy Plover. Gulf coast beaches in the Cape Romano areca are 
one of the few remaining nesting sitcs of this Florida Threatened species. It is 
estimated that only 100 to 200 animals remain in Florida. 


Because of the large number of seasonal residents and migratory visitors from all 
over the continent, damage to South Florida bird populations could have scrious 
implications well beyond the study arca. Of particular concern is the Dry Tortugas, 
known internationally for its unusually rich avifauna, especially the “ternery” where 
thousands of terns come to nest and rear their young cach ycar (Chapter 9). 

Depending on season, oil reaching the Dry Tortugas could jeopardize breeding popula- 
LiONS, wintering populations, or migrating populations of a spectrum of specics with 
both marine and terrestrial affinities. Also, important rookeries of cormorants, pelicans, 
wading birds, and others are found along the Southwest Florida coast in the Ten 
Thousand Islands region. The network of islands and channels in this arca would make 


oil spill response difficult or impossible (Chapter 15). 
Submerged Cultural Resources 


Evidence from Southwest Florida indicates that humans first entered the Florida 
ninsula about 12,000 years ago (Chapter 10). At that time, as a result of greatly 
sea levels attributable to the closing phases of the last period of glaciation, much 
of the study area now covered by the sea was dry land, and the correspondingly wider, 
longer peninsula was environmentally very different from present. 


Intact, significant, prehistoric archeological resources are belicved to exist in the 
study area (Chapter 10). It is unlikely that these resources will be found in waters 
deeper than 50 m. Prehistoric sites are more likely to be encountered off Southwest 
Florida than off the Florida Keys. The model of prehistoric scttlement location 
presented in Chapter 10 predicts that prehistoric archeological sites on the inner 
continental shelf are associated with specific topographic indicators that in most 
instances are readily detectable. These topographic indicators are (1) the 50-m bathy- 
metric contour, (2) karstic features, (3) drowned stream channels, (4) drowned coastal 
features, and (5) outcrops of knappabic lithic raw materials. 
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snes 6 uae tae Sate Sane an Sngaetens laine camila. Since the time 
in the late 15th and carly 16th centuries, many ships have 

foundered on South Florida reefs and shoals. The navigational hazards of the arca are 
reflected in a diverse population of lost vessels (shipwrecks) representing various 
histoncal peniods. Lost vessels of all peniods can be found throughout the continental 
shelf, however, more vessels tend to be found in shallow water (¢.g. <20 m). Locations 
of lost vessels can be predicted through the location of submerged topography. Lost 
vessels of the 19th and 20th centuries appear to be greaicr in number and seem to be 
better preserved than those of other centuries. 


Lost vessels of prehistoric periods may also cxist on the continental shelf, although 
none have yet been located. Because the prediction of the location of these lost vesscls 
is extremely difficult given our current state of knowledge, operations on the shelf must 
be prepared for chance encounters. 


South Florida is experiencing rapid population growth that places heavy demands on 
i natural environment (Chapter 11). Over the next 10 
years, average population growth for the three countics adjoining the study arca (Collicr, 
Dade, and Monroe) is expected to be 50% higher than the national average. Over the 
same period, Collier County is expected to grow at four times the national average. 


Current land use patterns in the study area reflect the unique and environmentally 
sensitive nature of the region. The study area contains over 60 areas of special concern, 
such as State and National parks, marine and estuarine sanctuaries, aquatic preserves, 
wildlife refuges, and historic sites (Chapter 11). Over 90% of the land area of Monroe 
County is within Everglades National Park or the Big Cypress National Preserve. The 
entire Florida Keys have been designated as Outstanding Florida Waters and an Area of 
Critical State Concern. At least 10 additional sites are now under consideration for 
conservation by land acquisition programs of the Federal and State governments as well 
as by private groups. The rapid rise in population and tourism in the area has increas- 
ed pressure on available outdoor recreation sites by making it more difficult to acquire 
public lands for these purposes. Therefore, it is increasingly important to preserve the 
the available public recreation sites in coastal areas. 
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and 
None of the ports in the study area could serve effectively as a supply base for OCS 


operations. Port Everglades, located north of Miami, is the most likely area for a 


Everglades is already a major oil port, handling nearly 90% of the petroleum tonnage 
entering South Florida ports (Chapter 11). Port Manatee (in Tampa Bay) has been 
used as a temporary supply base for exploratory operations on the Southwest Florida 


support base for OCS operations in the Straits of Florida Planning Area. Port 
shelf north of the study areca. 


CONCLUSIONS CONCERNING OFFSHORE OIL AND GAS 


OPERATIONS 
Resource Potential 


The South Florida Basin is a promising, frontier area for oil and gas exploration 


Gulf of Mexico off Southwest Florida, just north of the study area. 


a3; ined 


an 


Area and >0.99 for the Eastern Gulf of Mexico Planning Area south of 26°N 


from 

These 

least 
ww od That probability is estimated at 0.18 for the Straits of Florida Planning 
(Chapter 12). 


potential (Chapter 12). On the other hand, that portion 


Gulf of Mexico Planning Arca south of 26° N is believed to contain over 


), MMS resource estimates for South Florida are modest. Also, in com- 
with 25 other OCS Planning Arcas, the Siraits of Florida Planning Area ranks 
60% of the economically recoverable oil in the entire Planning Area, which ranks 


among the lowest in 


In the context of the Nation's overall oil consumption (approximately 13 million 
The MMS anticipates a low initial level of exploration and development activity in 


the study area (Chapter 12). For a icase sale in the Straits of Florida Planning Arca, 
this would entail 9 exploratory wells, 13 development wells, and 1 production platform. 
Specific estimates for the portion of the study area within the Eastern Gulf of Mexico 


among the top 10 Planning Areas. In addition, petroleum companies that want to drill 
Planning Arca are not available, but would probably be somewhat larger (assuming the 
resources are greater). The main problem with these estimates is that they depend on 


in a frontier area could be hoping to discover new reserves that might be considerably 


greater than those estimated by the MMS (Chapter 12). 


Level of OCS Activity 


of the 
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the amount of oil and gas present. The accuracy of the cxisting resource estimates 
cannot be known in advance of exploratory drilling. 


would be needed in the study area in connection with a Straits of Florida lease sale 
(Chapter 12). However, for several reasons, it is unlikely that amy OCS support 
facilities would be located in the study area. First, there are few, if any, suitable sites. 
Second, the region already faces serious water management problems that would cither 
make it impossible to supply water for OCS operations (Monroe County) or require 
construction of new facilities (Collier and Dade Counties) (Chapter 11). Third, because 
of public opposition to offshore drilling, it is unlikely that local governments would 
approve OCS facilities. Finally, the State of Florida has prohibited placement of OCS 
structures (including pipelines) in State waters south of 26°N on the Gulf coast and 
south of 27° N on the Atlantic coast, precluding the establishment of a pipeline landfall 
and gas processing plant in or near the study arca (Chapter 12). 


The most likely locations for shore bases would be outside the study area, at Port 
Manatee (in Tampa Bay) or the Port Everglades area (north of Miami). In cither case, 
one would expect little or no OCS vessel traffic in coastal waters of the study arca. 
Because of the long travel time from a distant shore base, it might be necessary to 
station a dedicated spill-response vessel at each rig or platform to contain minor spills 
(Chapter 12). 


If oil production occurs in the study area, the oil most likely would be transferred 
directly to tankers for transportation to refineries on the U.S. East Coast or the 
northern Gulf of Mexico. Transportation by pipelines, which involves a lower risk of 
large oil spills, is economically infeasible in a frontier arca with no onshore processing 
facilities; also, pipelines to shore would not be permitted in the study area, as noted 
above. 


Effects on the Environment 


Several environmental issues concerning OCS operations have been cited in previous 
chapters, including oil spills; routine discharges; drilling near biologically sensitive areas; 
vessel traffic, hazards to navigation; dumping of trash and debris; siting of onshore 
facilities; noise; space-use conflicts with trawl fisheries; and air emissions. This is not an 
exhaustive list, and only the first two topics (oil spills and routine discharges) have been 
discussed at length (in Chapters 12, 13, 14, and 15). 


All environmental issues will need to be evaluated in detail if a lease sale 
is developed that includes all or part of the study area. The discussion here focuses on 
two questions: 


@ Which are the most significant potential effects? 
@ What steps could be taken to avoid, limit, or minimize those effects? 


Conceptually, environmental effects of OCS operations can be divided into those 
ee ee ee ee ee The main effects 

of routine operations are likely to be local alterations in benthic communities around 
tae iets Gee Because some of these communities are especially rare, 

uabie, and/or sensitive to disturbance, protective measures to avoid, limit, or minimize 

crronmenta vo papy whee In contrast, an accidental oil spill could have 

far-reaching effects on a spectrum of organisms and ecosystems, and there are no 
foolproof protective measures. The greatest concern is that a spill within the study arca 
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could quickly reach coastal waters, producing widespread damage to South Florida 
mangrove forests, coral reefs, and scagrass beds, as well as fish and shellfish specics, 
marine mammals (¢.g. manaices), sca turtles, and birds. 


Routine Operations 


Effects. Environmental effects of most routine OCS operations are localized--c.g., 
within particular lease blocks (Chapters 12 and 13). Examples include mechanical 
damage to the seafloor and benthic communities due to drilling rig or platform installa- 
lion; attraction of fish to submerged structures; burial and smothering of benthic 
organisms by drilling fluid and cuttings discharges; shading of benthic macroalgae and 
seagrasses by turbid water during drilling fluid discharges; and localized contamination of 
bottom sediments with trace metals and hydrocarbons from routine discharges. 


If no shore base or pipeline landfall were to be located in the study area, there 
would be no direct mechanism for routine activities to affect coastal environments and 
organisms. Onshore facilities can affect coastal environments through habitat destruc- 
tion (resulting from construction activities) and increased vessel traffic in coastal waiters. 
The most likely locations for a shore base outside the study area, Port Everglades and 
Port Manatee, are developed industrial ports where consiruction and vessel traffic would 
pose less of an environmental problem. 


The organisms most likely to be affected by routine operations are benthic organ- 
isms that live within a fixed radius (¢.g., a few hundred meters) of drill sites and pelagic 
Organisms (such as fishes and possibly sea turtles) that may be attracted to OCS 
structures. Effects on planktonic populations are naturally mitigated by the short 
residence time of water masses at a particular site of disturbance (e.g., drilling rig or 
_— and by the short generation time of most phytoplankton and zooplankton. 

other pelagic organisms, including various marine mammals, sea turtles, and birds 
that might encounter OCS structures occasionally, the chance of a significant effect on 
populations from a few structures in the study area is slim. 


Local environmental effects are mainly of concern if OCS activities are carried out 
near especially rare, valuable, and/or sensitive ecosystems. The Florida Reef Tract is a 
prime example of such a system (Chapter 4). The Reef Tract encompasses the only 
living, shallow-water coral reef in the continental U.S., which is of enormous aesthetic, 
ecological, and economic value. The study area also includes a diverse array of hard 
bottom and soft bottom communities and deepwater seagrass (Halophila) meadows 


MMS and the State of Florida. However, although these communities have been 
studied enough to determine their relative rarity or commonness, virtually nothing is 
known of their ecological importance, economic value, or sensitivity to physical distur- 
bance and sedimentation (Chapter 5). 


The effects of unrestricted, routine OCS drilling and production activities on coral 
reefs cannot be predicted with confidence. However, it is clear that the potential for 
damage exists and that poe pd pea eely tee y simple measures. Physical 

to coral reefs has been documented around exploratory well 
25 years ago near the Marquesas Keys (Shinn et al. 1989, see 
3). No lasting effects other than physical and mechanical damage 
were detected in that study, and Shinn et al. (1989) argue that modern environmental 
have ted the observed damage (i.c., 
would not be permitted). Elsewhere in the 
Gulf of Mexico where drilling has occurred near coral reefs (e.g., at the Flower Garden 
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Banks off the Texas coast), discharge restrictions and establishment of a “no-activity 
zone” have prevented physical/mechanical and chemical damage to the reefs 


(Chapters 12 and 13). 


Quantitative monitoring of deepwater seagrass (Halophila) beds on the West Florida 
shelf has shown that seagrass within several hundred to several thousand meters of an 
exploratory drill site could be affected by drilling discharges (Chapter 13). The persis- 
tence of drilling effects could not be determined from that study because a hurricane 
destroyed all deepwater seagrass beds (they returned the following growing season). 
Seagrass mortality would be of much greater concern in South Florida climax seagrass 
beds because the seagrasses do not reappear seasonally. According to Zieman 
(Chapter 4), any reduction in light (e.g., due to drilling discharges) can be considered 
detrimental to seagrasses. 


There has been no quantitative monitoring of eastern Gulf of Mexico benthic 
communities (other than deepwater seagrass beds, as noted above) in connection with 
OCS activities. Qualitative visual observations of an exploratory drill site off Southwest 
Florida indicate little or no damage to the benthic environment (Chapter 12). Results 
of benthic mentoring programs in other OCS areas indicate generally localized and 
minor effects on benthic communities around drilling rigs and piatforms (Chapter 13). 
However, these studies are of limited usefulness for predicting effects in South Florida 
because of the unusual nature of the benthic communities here (especially the impor- 
tance of light-dependent biota such as macroalgac, seagrasses, and corals). Monitoring 
programs conducted at the Flower Garden Banks in the northwestern Gulf of Mexico 
provide no useful information because drilling restrictions prevented exposure of corals 
and other light-sensitive benihic biota to drilling effluents. 


Mitigation Measures. Three main regulatory mechanisms exist that can avoid, minimize, 
Or lessen environmental damage to benthic communities from routine operations in 
OCS waters. The most powerful option is to defer (exclude) from leasing blocks that 
contain biota or ecosystems of special concern. Specific deferrals normally occur at the 
lease sale stage, but two areas (the Key Largo and Looe Key National Marine 
Sanctuaries) were identified for deferral in the 5-Year Program Environmental Impact 
Statement under the (now cancelled) Straits of Florida lease sale (MMS 1987a). A 
second option ts to attach biological stipulations to Icases, requiring protecuion of 
certain types of habitats or biota if they occur within lease blocks. A third tool for 
protecting specific ecosystems is the National Pollutant Discharge Elimination System 
(NPDES) permitting process under which all OCS discharges are regulated by the U.S. 
Environmental Protection Agency (EPA). Under NPDES permits issued to operators, 
the EPA can limit or prohibit discharges near coral reefs, seagrass beds, live bottom 
areas, or similar ecosystems (Chapter 13). Other protective measures are cited in 
Chapter 12. 


Lease sale deferrals would be the simplest and most effective way to protect the 
Florida Reef Tract and associated seagrass beds in Hawk Channel. Because locations of 
the major coral reefs and seagrass beds are known, it would be a simple matter to 
identify lease blocks for deferral. These blocks constitute a small fraction of the total 
acreage within the Straits of Florida Planning Arca; however, the blocks constitute a 
significant fraction, perhaps 20%, of the total acreage inshore of the 200-m isobath. 


Lease stipulations are a more feasible means to protect offshore benthic com- 


munities. Because the distribution of these communities is not known on a biock-by- 
block basis, there is not enough information to map potential deferral arcas in advance 
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of leasing.? A lease stipulation could require operators to conduct visual and 
geophysical surveys of each block prior to drilling operations. The MMS and the Statc 
of Florida could use this information to evaluate the need for protective measures on a 
case-by-case basis. For example, under the existing live bottom stipulation to eastern 
Gulf of Mexico leases, operators can be required to relocate drill sites, transport drilling 
fluids and cuttings to an approved disposal site (rather than discharge at the site), or 
monitor biological effects (Chapter 12). 


In connection with lease stipulations, it would scem reasonable to include the 
option of “no drilling allowed" if an entire lease block were found to be characterized by 
an unusually rare or productive offshore benthic community.* However, under the 
existing live bottom stipulation attached to leases in the Eastern Gulf of Mexico 
Planning Area, there is no provision for prohibiting drilling altogether. This is different 
from the situation in the Central and Western Gulf of Mexico Planning Areas, where 
Stipulations to certain leases contain provisions for “no-activity zones" around high-relicf 
offshore banks, some of which contain coral communities. The different treatment 
probably reflects industry economic considerations as weli as differences in perceived 
value and rarity of the benthic communities. That is, because the location of the 
high-relief banks in the central and western Gulf is well known, a petroleum company 
would know in advance of leasing that activities would be restricted or prohibited in 
certain areas. This would not be the case in the study area, where the nature of benthic 
communities within a lease block would not be known until a company expended moncy 
leasing the block and conducting visual surveys. On strictly environmental (rather than 
economic) grounds, there is no reason to exclude the possibility of prohibiting drilling 
from the list of options in a lease stipulation. 


As noted in Chapter 5, there is little or no information upon which to base case-by- 
case decisions concerning protection of offshore benthic communities in the study area. 
Little is known of the ecological or economic value of these communities or their 
sensitivity to OCS operations. Therefore, at present, such decisions are likely to be 
based on information about the relative rarity of these communities and their apparent 
productivity (e.g., density of epibiota). 


Accidents 


Accidental oil spills are the foremost public and scientific concern about OCS 
leasing off South Florida. Large (>1,000 barrels) and very large (>100,000 barrels) oil 
spills are rare events; nevertheless, they do occasionally occur during OCS operations 
(Chapter 12). Therefore, it is important to consider the potential effects of oil spills in 
decisions about OCS leasing in the study area. 


A large spill could result from a blowout or other platform accident, a vessel 
collision, or an accident during transfer or transport operations. In the study area, there 
is already a risk of spills from tankers and other large ships passing through the Straits 


studies of the Southwest Florida shelf provide general idea of the distribution of benthi 
some . aa A a Block-by-block 
in advance of leasing would not be practical. 


An example would be the deep Agaricia reef located northwest of the Dry Tortugas, or portions of the 
Florida Reef (see Chapter 5). 


i 


todd 


Conclusions and Recommendations 


of Florida. The existing spill risk from tankers probably would be greater than the risk 
from OCS production, unless huge new reserves were discovered (Chapter 12).4 


Proponents of offshore drilling argue that extraction of domestic reserves from the 
OCS will reduce the risk of oil spills from tankers carrying imported oil. Although this 
Ought to be true for the Nation as a whole, it is not necessarily so for the study area, in 
part because of the varied sources and destinations of tankers passing through the 
Straits of Florida (Chapter 12). If economically recoverable quantities of oil were found 
in the study area, then OCS operations would increase the risk of spillage. For geo- 
logical reasons, there is little chance of a blowout offshore South Florida; spills would 
be more likely to occur during the transfer of oil from platforms to tankers and during 
the transportation of oil to refineries (Chapter 12). 


Effects. Results of accidental and experimental spills in tropical and subtropical habitats 
indicate that oil spills can cause severe damage to mangrove forests, coral reefs, seagrass 
beds, and associated biota (Chapter 15). Populations of sea turtles, birds, and manatees, 
as weil as larvae (ichthyoplankton) of commercially and recreationally important fishery 
species, are sensitive to oiling and could be seriously affected. Some of the individual 
species of concern have been discussed in previous sections. 


Because of highly publicized spilis such as Exxon Valdez, it is easy to imagine the 
worst in the event of a single, large oil spill in the study area. Yet the severity and 
extent of damage in the study area cannot be predicted with confidence because of the 
large number of variables affecting the fate of an oil spill. These variables include the 
location and size of the spill; the type of oil spilled; wind, wave, and current conditions; 
temperature; and the effectiveness of oil spill response measures. 


The Loop Current can have a powerful influence on the fate of an oil spill off 
South Florida (State of Florida and MMS 1989). Depending on the circumstances, the 
Loop Current could expose much of the study area to spilled oil, or transport the oil 
out of the study area before it could hit the coast. Trajectory simulations show that the 
Loop Current can rapidly transport oil spilled on the Southwest Florida shelf (north of 
the study area) around to the Lower Keys, Reef Tract, and Southeast Florida coast 
(State of Florida and MMS 1989). Once it reaches the Straits of Florida via the Loop 
Current, oil can impinge upon coastal areas through eddy or meander formation, or 
through winds blowing across the axis of the main current. In some of the cases 
simulated by the State of Florida and MMS (1989), oil was entrained in the Loop 
Current, carried around to the Straits of Florida, and blown back through the Florida 
Keys, reaching Florida Bay and the Southwest Florida coast faster by this indirect route 
than by direct, onshore transport from a nearby launch point. 


Because spill trajectories reported by the State of Florida and MMS (1989) depend 
heavily on the launch point, the resulis cannot simply be extrapolated to the study area. 
However, it is evident that spills from some launch points in the study area could reach 
oil-sensitive environments within a few hours. Given such a short time, it would be 
difficult or impossible to prevent a slick from reaching oil-sensitive environments. In 
addition, it would be difficult or impossible to clean up spilled oil in some areas, such 
as the Ten Thousand Islands, Florida Bay, and the Lower Keys (Chapter 15). 


‘in addition, tankers (or other ships carrying fuel oil) could bring the spill msk directly to coastal habitats 
by ing on reefs. yyy ae 10d in October-November 1989, three freighters grounded 
on Florida reefs in the and Tortugas (Chapter 4). All three carned large quantities of 
fuel oil, but fortunately, none of their tanks ruptured. 
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Large oil spills are rare events, but their potential for damage in the study area is 
of special concern because of the limited time that would be available to respond to a 
spill before oil could reach a variety of highly valued, oil-sensitive environments.* The 
extent and severity of damage from a single, large oil spill in the study area cannot be 
predicted with confidence, because of the large number of variables involved. Based on 
a review of historical spills and the available information about spill trajectories, the 
potential exists for extensive damage to mangrove forests, coral reefs, seagrass beds, and 
associated biota (Chapter 15). Little is known about how long it might take for 
mangroves, coral reefs, or seagrass beds to recover from a major oil spill; however, 
estimates range into the tens to hundreds of years (Chapter 15). 


Mitigation Measures. Protective measures are in effect during OCS operations to 
minimize the chance of an oil spill and to minimize environmental damage in the event 
of a spill. Additional, specific measures to reduce the risk of spillage off South Florida 
have been presented by the State of Florida and MMS (1989). However, no regulations 
Of precautions can prevent all accidents. In addition, the adequacy of existing plans, 
personnel, and equipment to handle a large or very large spill in the study area is 
unknown. 


The mishandling of the recent Exxon Valdez spill in Alaska has called into question 
the adequacy of existing oil spill contingency plans nationwide (Chapter 12). In the 
aftermath of the spill, spill contingency plans in South Florida and other parts of the 
country are under review by Federal and State governments, as well as the petroleum 
industry. According to the Petroleum Industry Response Organization (PIRO), no 
existing oil spill response cooperative is equipped to handle spills larger than 25,000 
barrels in the open ocean, or 40,000 barrels in coastal waters (PIRO Steering 
Committee 1990). The petroleum industry is working to develop the capability to 
respond to spills as large as 216,000 barrels, but this capability will not be in place for 
several years (PIRO Steering Committee 1990). 


A protective measure that has been used previously in the eastern Gulf of Mexico is 
the establishment of a nearshore buffer zone, which is deferred (excluded) from leasing. 
The purpose is to keep some minimum distance between potential spill sources and the 
coast, thereby allowing additional time for natural degradative and dispersive processes 
and human response measures to prevent spilled oil from reaching sensitive 
environments Or to minimize potential damage. In recent eastern Gulf of Mexico lease 
sales, the MMS deferred a 37 to 56 km (20 to 30 nmi) buffer zone along the West 
Florida coast (MMS 1987c). 


A similar approach is being followed with respect to tanker traffic in the Straits of 
Florida, which poses a significant risk of a large oil spill (Chapter 12). Florida's 
Governor recently obtained a voluntary agreement with 15 oil companies whereby their 
tankers would remain at least 18.5 km (10 nmi) offshore during passage through the 
Straits, to minimize the chance of a spill resulting from a ship grounding. At the 
request of the Governor and the President, the U.S. Coast Guard will be proposing a 
similar avoidance zone in June 1990 to the International Maritime Organization. 


The size of the existing OCS leasing buffer zone off West Florida does not have any 
specific scientific rationale. An appropriate size for a buffer zone in the study area 
could be estimated through simulation modeling and a comprehensive evaluation of 


the minimum distance to land in the Straits of Florida Planning Area is 5.6 km (3 nmi), ty 
° the Three Mile Line. In ny Gulf 5 y~ Planning Area, the a ry 7'- 16.7 
nmi), ey ng to the Three League Line. Portions of the Florida ract are in Saas Gite, 
up to 3 km (7 nmi) offshore. 


Conclusions and Recommendations 


contingency plans (Chapter 12). Modeling could be used to estimate the minimum time 
for oil to reach shore (or other targets) from various hypothetical launch points. Oil 
spill contingency plans could be evaluated to determine the minimum time within which 
it would be possible to respond effectively to various sizes of spills. The combination of 
information would allow decision-makers to identify areas within which effective oil spill 
response would not be feasible. 


Because the continental shelf in the Straits of Florida Planning Area is narrow, 
adoption of a nearshore buffer zone could severely restrict the area suitable for drilling. 
The distance from the Three Mile Line to the 200-m isobath ranges from about 5 to 
45 km (3 to 24 nmi). A 37 km (20 nmi) buffer zone would exclude nearly all of the 
area within the 200-m isobath from Icasing. Farther offshore, deep water, strong 
currents, and heavy ship traffic would make drilling operations expensive and possibly 
dangerous. A 37 km (20 nmi) buffer zone would also exclude from leasing most of the 
Eastern Gulf of Mexico Planning Area within the present study area. 


Effects on Submerged Cultural Resources 
Routine Operations 


Effects. Oil and gas operations can affect cultural resources in a variety of ways, not 
the least of which is the positive effect of discovery when it occurs in the course of 
implementing standard MMS procedures during the several phases of oil and gas 


operations (Chapter 10). 


The main threat to prehistoric and historic resources from routine operations is 
physical damage or loss of integrity through mechanical processes (e.g., rig or platform 
installation). Additionally, some routine discharges could modify the existing preser- 
vation regime through a change in the chemistry of the matrix within which the 
resources exist. 


Mitigation Measures. The MMS has procedures in place for the consideration of 
cultural resources at all stages of oil and gas development. These procedures include 
Notices-to-Lessees for cultural resource surveys, in-house review of cultural resource 
reports, and the MMS Handbook for Archaeological Resource Protection. 


Effects of mechanical processes may be limited or even disregarded if the protecting 
sediment is not disturbed (Chapter 10). Thus, detection of the resource is the key to 
avoiding damage. Routine archeological surveys and interpretive reports required by the 
MMS for leases in water depths <45 m should be adequate to ensure detection and 
avoidance of most submerged cultural resources. A new lease stipulation in preparation 
by the MMS Gulf of Mexico OCS Region would reduce line spacing from 150 m to 
50 m for historic cultural resource surveys (Chapter 10). This measure should improve 
detection of older shipwrecks. 


Cooperation and coordination between Federal and State agencies could help to 
preserve and protect submerged cultural resources in the study area in the event that 
offshore oil and gas operations proceed (Chapter 10). For example, the State of Florida 
is developing a Comprehensive Historic Preservation Plan (currently in draft) that could 
become an integral component of the management of cultural resources on the South 
Florida shelf. The MMS should work with the State of Florida to develop detailed 
procedures for the exploration for, reporting of, evaluation of, and data recovery from 


archeological sites. 


647 


Accidents 


Effects. Oil spills could affect radiocarbon datability of preserved archeological remains 
and modify preserving anaerobic environments. Oil spills could also affect site- 
protecting flora common along the mainland shoreline of the study area. 


Mitigation Measures. Measures to lessen the risk of oil spills have been discussed 
above. No protective measures can be foolproof. As recommended in Chapter 10, the 
State of Florida and the MMS could develop joint working agreements, procedures, and 
policies for handling oil and chemical spills that may affect cultural resources. 


Effects on the Economy 
Routine Operations 


Effects. Among the State of Florida’s major concerns about proposed offshore drilling 
and production is that these activities will degrade the coastal environment and thercby 
jeopardize the region's economic base in fisherics, recreation, and tourism (Chapter 16). 


The economic benefits of OCS leasing are national in scope and flow to all regions 
of the country (Chapter 16). The expericnce of previous OCS Icasing indicates that the 
expected net social benefits of leasing off South Florida would be positive, both for 
Florida and the Nation. 


Based on the resource estimates developed by the MMS, it is unlikely that extensive 
onshore development would be necessary in the study area. In fact, as noted earlier in 
this chapter, it is unlikely that any OCS support facilitics would be located in the study 
area. For this reason, no onshore development effects are likely unless the situation 
changes such that onshore facilities are going to be located in the study arca. 


Other aspects of routine OCS operations having potential socioeconomic effects 
include space-use conflicts with fisheries (¢.g., shrimp trawling on the Tortugas grounds), 
degradation of air and water quality, and the presence of offshore structures per se (an 
aesthetic consideration if they are visible from shore). Based on the limited scope of 
OCS operations projected by the MMS, these aspects are not expected to pose signif- 
icant economic problems. 


Mitigation Measures. No specific measures are proposed to mitigate potcntial socio- 
economic effects (Chapter 16). 


Accidents 


Effects. Oil spills could affect the region’s economy by temporarily fouling tourist 
beaches, damaging commercial and recreational fisheries, and reducing property values. 
According to an MMS analysis, the per-barrel social costs of oil spills in South Florida 
would be higher than in any other Planning Arca (MMS 1987b). The most 
difficult costs to estimate are those resulting from damage to the natural environment. 
Many people would question the validity of placing a specific dollar value on an estuary, 
a mangrove community, or the life of a seabird or manatce (Chapter 16). In the 
unlikely event of a very large oil spill, the costs might approach or exceed the economic 
benefits. 


. No specific measures are proposed to mitigate potential socio- 
economic effects (Chapter 16). However, measures discussed above to reduce the 
likelihood of oil spills and to minimize the resulting damage are obviously applicable. 


Conclusions and Recommendations 


EVALUATION OF INFORMATION NEEDS 


Each author was asked to identify gaps in knowledge of the South Florida environ- 
ment. Of the data gaps discussed in previous chapters, some pertain to oil and gas 
operations, whereas others are of a more general nature. The purpose here is to 
highlight those that are most critical for making decisions about OCS leasing. 


The question of “adequacy” of information for leasing decisions is not addressed 
formally here, as the topic is beyond the scope of this report. Information adequacy has 
been discussed recently by the National Research Council (NRC) (1989) in connection 
with proposed lease sales off California and Southwest Florida. It is evident from the 
NRC report that there is no widely held standard of information adequacy for OCS 
leasing decisions. This is in itself a significant problem that needs to be addressed. 


The most significant data gap overall is the lack of knowledge of oil and gas 
resources in the study area. The magnitude of these resources will determine the level 
of development, which in turn will determine the environmental, economic, and social 
consequences. The accuracy of resource estimates developed by the MMS and others 
cannot be known until exploratory drilling is conducted. 


Given that information about resource potential is critical, one way to improve the 
data base for decisions would be to allow limited evaluation and exploratory drilling--not 
necessarily in the study arca, but somewhere in the offshore South Florida Basin. These 
activities involve little risk of environmental damage. Unfortunately, this approach 
poses several problems, not the least of which is the widespread perception that once 
the first step is taken, there will be "no turning back"--i.c., development and production 
operations with greater environmental risks will inevitably be allowed if commercial 
quantities of oil and gas are found (NRC 1989). Therefore, it is likely that OCS 
decisions will continue to be made on the basis of incomplete information about the 
resource base and development plans. In that context, specific information needs are 
discussed below. 


Geology 


Two geological topics are particularly important for decisions about oil and gas 
leasing: (1) petroleum potential; and (2) geologic hazards and operational constraints. 


Enough is known about petroleum geology to indicate the potential for commer- 
cially recoverable hydrocarbons in the study area (Chapter 2). Resource estimates and 
— os of discovering hydrocarbons have been developed by the MMS and others. 

, whether commercially recoverable hydrocarbons actually are present, and in 
what amounts, cannot be known i= advance of exploratory drilling. 


Likewise, sufficient information is available to identify potential geologic hazards 
and operational constraints in the study area. There is no indication of geologic hazards 
that would pose a major problem; to the contrary, there appears to be a low potential 
for abnormal pressures that might result in a blowout. 


A third role of geological data in decisions about OCS operations is to provide a 
framework for understanding the chemistry and biology of the study area. ting 
information is adequate to describe the geologic framework of South Florida and to 
provide a basis for subsequent discussions concerning petroleum activity in the study 
area. Two kinds of data gaps have been identified: (1) incomplete geographic coverage 
(¢.g., lack of information for the Southwest Florida shelf between Cape Sable and the 
Dry Tortugas) and (2) lack of information on processes controlling geologic develop- 
ment. Studies of these topics would aid in understanding the study area, but are not 
considered critical for leasing decisions. 
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Chemistry 


Information about the chemical environment is important in two main respects for 
decisions about OCS leasing. First, trace metal and hydrocarbon data help to indicate 
the level of anthropogenic contamination in the study area. This is important in 

icting whether routine OCS operational discharges and accidental spills would be 
detectable in the water, sediments, and organisms of the study area. The level of 
existing pollution is also a consideration in evaluating biological effects of OCS opera- 
tions. Second, information on transformations and degradation of hydrocarbons is 
needed to predict the fate and effects of oil spills. 


Existing data indicate that the study area is characterized by low concentrations of 
trace metal and petroieum hydrocarbon contaminants, with the exception of floating and 
dissolved oil residues in the Straits of Florida and localized trace metal elevations 
around sites of human activity (Chapter 3). Additional baseline data are not critical for 
leasing decisions, however, because of the poor or questionable quality of some trace 
metal data, additional analyses of sediments and benthic organisms should be conducted 
before drilling operations proceed. Background concentrations of potentially toxic trace 
metals should be determined in sediments and a few species of benthic organisms 
collected well away from harbors, sewage outfalls, power plants, or other sites of human 
activity. These concentrations are needed for comparison with values determined after 
drilling. 


Little is known about transformations and degradation of oil in tropical/subtropical 
environments (Chapter 3). Continuing study of the Bahia las Minas spill in Panama 
(Burns and Knap 1989; Jackson et al. 1989) will help in this regard. lack of data 
on this topic does not preclude decisions based on the assumption that spilled oil can 
persist long enough to reach oil-sensitive shorelines. However, additional data would 
help to refine scenarios of oil spill fate and effects in South Florida. 


Biology 


Information about biological effects of OCS operations is critical to decisions about 
OCS leasing. In order to predict effects, one needs to know the location of principal 
ecosystems, communities, and organisms that might be exposed to physical disturbance, 
chemical contamination, or other agents of change. Some understanding of seasonality 
and other natural and anthropogenic variability is necessary in order to discern effects of 
OCS operations. Knowledge of ecological relationships within communities and eco- 
systems is required in order to predict in detail the consequences of environmental 
damage. Information about sensitivity to mechanical disturbance, oil, operational 
discharges, and other agents of change is needed. 


Coastal and Nearshore Communities 


The general locations of the principal coastal and nearshore communities, namely 
mangrove forests, coral reefs, and seagrass beds, are known well enough that they could 
be avoided during routine operations. In addition, locations are known well enough 
that if the trajectory of a particular oil spill were known, one could predict whether a 
mangrove forest, coral reef, or seagrass bed were going to be hit. 


In spite of the obvious ecological and economic importance of South Florida's 
mangrove forests, coral reefs, and seagrass beds, little more than the outline of their 
ecology is known (Chapter 4). These communities are subject to numerous natural and 
anthropogenic stresses at present. Because there have been no long-term studies of 
these communities in the study area, it would be difficult to separate effects of OCS 
Operations (other than catastrophic damage) from the effects of random climatic events 
and anthropogenic stresses. 


Conclusions and Recommendations 


If the basic ecology of these communities is not well understood, then it follows 
that the consequences of environmental damage cannot be fully anticipated. The most 
important aspect of this problem is predicting recovery time. Ecological recovery can be 
defined as a return to the original structural and functional condition with the original 
species present (Chapter 15). Unless the original structural and functional relationships 
are understood, then it is not possible to predict the course of recovery. 


The importance of the recovery issue has also been recognized by Boesch et al. 
(1987), who identified residual damage to biogenically structured communities such as 
wetlands, reefs, and vegetation beds as a high-priority topic for further research in 
relation to long-term effects of OCS operations. This concern is especially relevant to 
the South Florida area. 


Further studies of the basic ecology of South Florida coastal and nearshore com- 
munities, including recovery from natural sources of disturbance such as hurricanes, can 
be helpful in this regard. In addition, continued, long-term study of spills in similar 
environments (¢.g., the Gahia las Minas spill in Panama) can help to provide relevant 
data. 


Offshore Benthic Communities 


Much information is available concerning the general distribution of benthic habitats 
on the Southwest Florida shelf, but little information is available for the Straits of 
Florida shelf offshore of the Florida Reef Tract (Chapter S$). Systematic geophysical 
and visual surveys of this area are needed prior to leasing. Even if such surveys are 
conducted, photodocumentation surveys of individual lease blocks are likely to be 
required by the MMS prior to drilling in either area because of the scattered, mosaic 
nature of benthic communities off South Florida. 


The general distribution of offshore benthic communities may be known (or refined 
in advance of drilling) well enough to protect certain communities on the basis of their 
relative rarity. However, little is known about the ecological importance or economic 
value of most of these communities, or their sensitivity to physical disturbance, sedimen- 
tation, and chemical contamination. Therefore, decisions at present are likely to be 
based on information about the relative rarity of these communities and their apparent 
productivity (e.g., density of epibiota). More information concerning benthic produc- 
tivity, trophic relationships, and links to existing or potential fisheries would improve 
the management framework. If drilling does occur in the study area or in adjacent 
areas of the Southwest Florida shelf, effects on benthic communities should be moni- 
tored quantitatively in order to gain information that could be used to decide on future 
regulations and protective measures. 


Plankton 


Numerous shortcomings in the existing plankton data base were noted in Chapter 6. 
The most critical topic for further research is ichthyoplankton. Most species of com- 
mercially and recreationally valuable fish have pelagic eggs that undergo initial develop- 
ment in surface waters (as ichthyoplankton), where they would be susceptible to oiling. 
Because of the restricted nature of seasonal spawning and the concentration of eggs and 
larvae Over spawning grounds and nursery areas, nearshore and estuarine fish popula- 
tions could be very susceptible to damage by oil reaching coastal waters. 


There are virtually no data on standing stock or production of ichthyoplankton off 
Southwest Florida (Chapter 6). Broad-scale sampling of the neuston and water column 
for ichthyoplankton would be necessary to fill regional and temporal gaps left by the few 
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Studies that have been conducted in the study area. Over the longer term, data from 
these baseline surveys could be used to pinpoint areas and periods of special interest 
(€.g., hursery areas, periods and depth zones of highest spawning activity and larval 
abundance). 


Fish Communities and Fisheries Biology 


There is a great deal of information available about the families and species of fish 
associated with South Florida marine habitats. However, little quantitative information 
is available on community structure, trophic relationships, nutrient cycling, larval 
recruitment, transfer of materials and energy among habitats, and stability (Chapter 7). 


From the standpoint of OCS oil and gas activities, there are two main concerns 
about fishes. First, certain groups are attracted to offshore structures, which serve as 
artificial reefs. A large body of information from the northwestern Gulf of Mexico can 
help to predict effects in the study area. Also, investigations of artificial reefs in and 
near the study area would provide relevant data. If many rigs and platforms are to be 
installed in the study area, then the implications for South Florida recreational and 
commercial fisheries will need to be evaluated in the context of existing fishery manage- 
ment plans. 


A second major concern about OCS operations is that oil spills could damage fish 
populations, including stocks of commerciatty and recreationally valuable species. Direct 
effects on adult populations (i.c., fish kills) are of less concern than indirect effects 
resulting from (1) mortality to eggs and larvae (ichthyoplankton) in restricted coastal 
waters andj (2) damage or destruction of nursery habitat (¢.g., mangroves and seagrass 
beds). The critical information needs are (1) information about the distribution and 
sbundance of ichthyoplankton, and (2) information about long-term effects of oil spills 
on coastal and nearshore communities that serve as nursery grounds. Information is 
lacking on both topics, as discussed above. 


Marine Mammals and Sea Turtles 


Species of marine mammals and sea turtles that may be found in the study area are 
known. However, little is known about the at-sea distribution of any of the cetaceans 
or sea turtles; most of the available data are from strandings, rather than sightings 
(Chapter 8). Certainly, those species that inhabit coastal areas (manatees) or nest on 
area beaches (loggerhead sea turtles) are most vulnerable to damage from an oil spill. 
However, effects on other species should not be discounted simply because little is 
known about when, where, or how many individuals are present in the study area. The 
information base on marine mammals and sea turtles could be improved through 
systematic aerial and shipboard surveys, as well as telemetry studies of selected species 


(Chapter 8). 
Coastal and Marine Birds 


Species of birds that occur, either seasonally or year-round, in the study area, are 
known (Chapter 9). In general, the species that are most at risk from a single, large oil 
spill can be identified (see above). 


A major data gap that makes it difficult to evaluate the importance of local popula- 
tions is that little is known about the total numbers of most North American bird 
species. For example, there are few, if any, population estimates for wading birds, 
shorebirds, raptors, etc. The importance of this information is obvious: if the overall 
size of a species population is unknown, how can the significance of mortality to a 
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breeding colony in the study area be evaluated? For many years, good estimates of 
waterfowl populations have been available from continent-wide censuses (Chapter 9). 


Similar censuses of larger wading birds, and perhaps other species, would aid in the 
evaluation of environmental effects, not just in South Florida but in other OCS areas. 


The avifauna of South Florida's inshore, littoral, salt marsh, mangrove, and marinc- 
interfacing inland habitats is well known in terms of general life history and seasonality 
of occurrence. However, information is lacking about frequently-occurring offshore 
pelagic birds, which are most likely to encounter spilled oil from tankers. This informa- 
tion could be gathered by surveying oceanic transects as suggested in Chapter 9. Also, 
from an oil spill response viewpoint, it would be useful to prepare an atlas of seabird 
breeding islets, rocks, pinnacles, etc. for the Straits of Florida. 


Submerged Cultural Resources 


For leasing decisions, it is important to know the types and possible locations of 
submerged cultural resources in the study area. Knowledge of submerged cultural 
resources in the study area is incomplete, but the basic picture is evident (Chapter 19). 
Both prehistoric and historic artifacts may be encountered during OCS operations. 
Prehistoric sites are likely to occur in water depths <SO m; shipwrecks may be found 
throughout the continental shelf, though concentrated in shallower watcr. 


Limitations in the existing archeological data and models require that investigators 
look carefully at every possible location that may have cultural resource potential. 
Additional studies could refine the predictive models, leading to a marked increase in 
our understanding of human use of the shelf. This is not critical for leasing decisions, 
but it would allow analysts in the future to perform project-specific assessments more 
cost-efficiently. 


Socioeconomics 


Existing data provide a basic understanding of the study area's social and economic 
characteristics (Chapter 11). However, there are two arcas in which additional data 
would help to provide a beticr basis for leasing decisions (Chapter 16). 


First, there have been no sociological studies of the effects of OCS development on 
South Florida communities. Sociological studies of the possible effects of OCS leasing 
on a community such as Key West would answer at least some of the questions raised 
in the NRC (1989) report about information adequacy. Such studics possibly would also 
permit a policy evaluation of the validity and usefulness of this type of analysis. 


Second, a potentially important category of economic costs has not been included in 
the estimates presented in Chapter 16. Little or no information exists concerning the 
user and non-user damages that would be sustained in the event of a degradation of 
special environments such as mangrove forests, coral reefs, and seagrass beds. This 
should be a high priority for future research. Questions concerning the “existence,” 
“preservation,” and “option” values of important environmental assets will continue to be 
raised. Because this category of environmental damages incorporates a large part of the 
general public’s concern over OCS icasing, it seems appropriate to conduct studics of 
this topic, even though reservations will continue to be expressed concerning the 
meaning and validity of these categories of damage. 


RECOMMENDATIONS 
Mitigation Measures 

Several measures 10 avoid, minimize, or lessen environmental effects of OCS 
important: 


Contingency plans to deal with large oil spills in the study arca should be 
evaluated comprehensively. Measures to minimize the risk of spills and to 
maximize the amount of time available to respond before oil reaches the 
shoreline of other sensitive environments (¢.g., mangrove islands, coral reefs, 
seagrass beds) should be evaluated. Because of heavy tanker traffic in the 
Straits of Florida, this review is needed regardiess of whether OCS Icasing 
occurs in the study area. 


As part of the evaluation of contingency plans, oil spill trajectories should be 
simulated from a variety of launch points. The simulations should not be 


narrowly focused on contact probabilities, as has been the case in previous MMS 
spill risk analyses. (Statistics are of little use for predicting whether a particular 
target will be hit, if only one or a few spills are anticipated.) Instead, the 
simulations should be used to determine gencral patierns of oil 

estimate minimum times for oil to reach various shoreline segments and other 
resources, and estimate the potential areal extent of spill damage. Information 
concerning the minimum time for oil to reach shore would be of great value for 
contingency planaing purposes. This information could be used, in j 
with a comprehensive review of spill response capabilities, to identify areas 
where effective oil spill response would not be feasible. Such areas could be 
considered for designation as buffer zones (i.c., areas where OCS 

and perhaps other spill-generating activities such as tanker traffic, would be 
prohibited). 


Deferral (exclusion) from leasing of the Florida Reef Tract and adjacent climax 

beds should be considered as an option to protect these communities 
from the near-field effects of routine operations. If these areas are not defer- 
red, other measures such as protective lease stipulations and discharge limita- 
tions should be used, as needed, to avoid or minimize damage. 


To protect benthic communities in Federal waters, biological stipulations similar 
to those currently in effect on leases in the Eastern Gulf of Mexico 

Area should be applied to leases in the study area. However, the stipulations 
should include the possibility of prohibiting drilling altogether in a lease block, 
in the event that there is no way to avoid damage to a particularly valuabic, 
sensitive, or rare community discovered in the block. 


protection 
area. The State of Florida's Comprehensive Historic Preservation Plan (currently 
in draft) should become an integral component of the management of cultural 
resources on the South Florida shelf. In addition, the State of Florida and the 


MMS should develop joint working agreements, procedures, and policies for 
handling oil and chemical spills which may affect cultural resources. 


Conciusions and Recommendations 


OCS operations and effects. 

l. A definition of of environmental information for OCS leasing 
decisions should be de There clearly is no widely held standard of 
information adequacy, yet this is a critical issue for South Florida, as well as 
other OCS areas. 


a Statistically sound monitoring program. Recovery of damaged communitics 
should be studied. 


5. Many questions remain about long-term and chronic effects of large-scale 
production operations. Although the projected level of OCS tin 
the study area is small by comparison with the central and western Gulf of 

, this issue will need to be evaluated in detail if commercial quantitics of 

oil and gas are discovered off South Florida. Possible study approaches have 

been outlined by Boesch et al. (1987). 


Two groups of studies are listed below that involve more basic research. Studies in 
the first group are considered more important and are listed in the same order as topics 


appear in the report. 


6. Transformations and degradation of oil in tropical/subtropical environments 
need further research in order to help predict the fate and effects of an oil spill 
in the study area. 


7. Additional, basic ecological studies of South Florida coastal and nearshore 
communities are needed in order to predict the course and time-span of 
recovery from a large oil spill. Recovery from natural sources of disturbance, 
such as hurricanes, should be studied. In addition, long-term studies of spills in 
similar environments (¢.g., the Bahia las Minas spill in Panama) should be 
continued. 
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10. 


12. 


tion, but are considered less 


14. 


15. 


Florida Planning Arca is not well known, systematic geophysical and visual 
of the continental shelf should be conducted there prior to icasing. 
Even if these surveys are conducted, surveys of individual 


Research on is needed because of the potential effects of an oil 
CS SS 2S ee & lally and recreationally im t 
species. are virtually no data on standing stock or production of ichthyo- 


Additional field surveys of ine mammals and sca turtics are needed, because 
little is known about the at-sca distribution of these animals in the study arca. 
The information base on marine mammals and sca turtles could be improved 


ions 
If future oil and gas resource estimates indicate that many rigs and platforms 
are likely to be installed in the study area, then the implications of these new 
“artificial reefs" for South Florida recreational and commercial fisheries will 
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Conclusions and Recommendations 


16. Sociological studies of the possible effects of OCS leasing on a community such 
as Key West would answer at least some of the questions raised in the NRC 
(1989) report about information adequacy. Such studies possibly would also 
permit a policy evaluation of the validity and usefulness of this type of analysis. 
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METHODS 


Literature was supplied to the chapter authors according to their individual needs. 
Socioeconomic literature was collected by graduate students at the Florida State University 
under the direction of Dr. Philip Sorensen. Mr. David Snyder of Continental Shelf 
Associates, Inc. collected and distributed literature on all other topics. 


Computer Searches 


Shortly after the project began, a series of computer searches was run using the 
Lockheed DIALOG Information Retrieval Service. The following data bases were searched: 


Aquatic Science and Fisheries A<'racts 
BIOSIS Previews (Biological Absiracts) 

CA Search (Chemical Abstracts) 

Dissertation Abstracts 

GeoRef 

Meteorological/Geoastrophysical Abstracts 
National Technical Information Service (NTIS) 
Oceanic Abstracts 

Pollution Abstracts 


Individual searches were limited to particular topics such as coral reefs, seagrasses, trace 
metals, etc. Appropriate data bases, years, and key words were chosen for each search, 
depending on the topic and the completeness of each author’s literature files. 


A search of the National Environmental Data Referral Service (NEDRES) data base 
was requested through the Washington office of NEDRES. This broad search for 
oceanographic data sets yielded few useful leads. 


The results uf the computer searches were distributed to the chapter authors as 
printouts or text files on disk. The authors were given the option of obtaining the 
documents from their local library or requesting that Mr. Snyder order the documents for 
them. 


Telephone Contacts and Manual Searches 


After the computer searches were completed, various Federal, State and local 
government agencies, universities, private organizations, and individuals were contacted for 
publication lists and information about relevant studies (Table A.1). The goal was to obtain 
lists of publications that might be of use to one or more authors, and to identify people and 
agencies that the authors might want to contact for more information. Publication lists, 
abstracts of papers and reports, and other information sources were passed on to the 
authors. 


Most documents requested by the chapter authors were collected by ordering from 
Federa! or State agencies or by borrowing publications through Interlibrary Loan. 
Additional documents were collected during two visits to the Rosenstiel School of Marine 
and Atmospheric Sciences library and government agencies in Miami. The Minerals 
Management Service (MMS) Atlantic and Gulf of Mexico OCS Regions both provided 
additional documents on request. 
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PREVIOUS STUDIES SPONSORED BY THE U.S. DEPARTMENT OF 
THE INTERIOR (USDO!) 


USDOI agencies such as the Bureau of Land Management (BLM), MMS, U.S. Fish and 
Wildlife Service (USFWS), and U.S. Geological Survey (USGS) have sponsored numerous 
studies of the South Florida area. Some major studies and reports are highlighted below. 


® Geological/geophysical studies of the Southwest Florida shelf and slope by the 
USGS (Holmes 1981). 


® An ecological atlas of Southwest Florida (Kunneke 1983), accompanied by a 
narrative volume (Palik and Lewis 1983). 


| A Gaseteestigs of Go Busaaioden, Marte Rox, end Go Manes Rays 
(Schomer and Drew 1982), and a synthesis of information on the 
Caloosahatchee River/Big Cypress watershed (Drew and Schomer 1984). 


@ Community profiles of coral reefs (Jaap 1984), mangroves (Odum et al. 1982), 
and seagrasses (Zieman 1982). 


@ A map series depicting the Florida Reef Tract (Marszalek 1982). 


@ A literature review and annotated bibliography of estuarine areas of Florida 
(Mahadevan et al. 1984). 


@ Reports from a five-year study of benthic habitats on the Southwest Florida 
shelf (Continental Shelf Associates, Inc. 1987; Environmental Science and 
Engineering, Inc. et al. 1987). Also, a ~ from a subsequent study of 
deepwater seagrass beds and other e habitats in the southwest 
Florida/Florida Bay region (Continental Shelf Associates, Inc. 1989). 


® An analysis and summary of data on the distribution of fish and penacid shrimp 
in the eastern Gulf of Mexico (Darnell and Kleypas 1987). 


@ Reviews of endangered and threatened plants (McCoy 1981) and vertebrates 
(Woolfenden 1983) in Southwest Florida. 


@ Reports on the distribution of marine mammals (Irvine et al. 1981; Schmidly 
1981; Fritts et al. 1983). The latter report also covers sea turtles and marine 
birds. Also, Fritts and McGehee (1982) and Vargo et al. (1986) studied effects 
of petroleum on sea turiles. 


@ A three-volume summary of information on marine birds (Clapp et al. 1982a,b, 
1983). 


® Archeology/cultural resource studies for Key West to Texas (Coastal 
Environments, Inc. 1977) and Cape Hatteras to Key West (Science 
Applications, Inc. 1981). 


@ A synthesis of socioeconomic information for Southwest Florida (French and 
Parsons 1983). 


There are many other sources of literature for the study area, including papers, reports, 
and theses from researchers at the University of Miami and the University of South Florida, 
and re from the South Florida Research Center of the National Park Service. These 
and other references are cited in the subject chapters. 


A-2 


Appendix A: information Collection 


REFERENCES CITED 


Clapp, R. B., R. C. Banks, D. Morgan-Jacobs, and W. A. Hoffman. 1982a. Marine birds of 
the southeastern United States and Gulf of Mexico. Pt. 1, eet 4 
Pelecaniformes. FWS/OBS-82/01. Washington, DC: U.S. Fish and Wildlife Service, 
Office of Biological Services. 

Clapp, R. B., D. Morgan-Jacobs, and R. C. Banks. 1982b. Marine birds of the southeastern 
United States and Gulf of Mexico. Pt. II, Anseriformes. FWS/OBS-82/20. Washington, 
DC: U.S. Fish and Wildlife Service, Office of Biological Services. 

Clapp, R. B., D. Morgan-Jacobs, and R. C. Banks. 1983. Marine birds of the southeastern 
United States and Gulf of Mexico. Pt. Ill, Charadriiformes. FWS /OBS-83/30. 
Washington, DC: U.S. Fish and Wildlife Service, Division of Biological Services. 

Coastal Environments, Inc. 1977. Cultural resources evaluation of the northem Gulf of Mexico 
continental shelf. Washington, DC: U.S. Department of the Interior, National Park 
Service, Office of Archeology and Historic Preservation, and Bureau of Land 
Management. 

Continental Shelf Associates, Inc. 1987. Southwest Florida regional biological communities 
survey, Year 3 final report. OCS Study MMS 86-0109. Metairie: U.S. Department of the 
Interior, Minerals Management Service. 

Continental Shelf Associates, Inc. 1989. Southwest Florida nearshore benthic habitat study, 
narrative report. OCS Study MMS 89-100x. New Orleans: U.S. Department of the 
Interior, Minerals Management Service. 

Darnell, R. M., and J. A. Kleypas. 1987. Eastem Gulf shelf bio-atlas. A study of the 
distribution of demersal fishes and penaeid shrimp of the soft bottoms of the continental 
shelf from the Mississippi River Delta to the Flonda Keys. OCS Study MMS 86-0041. New 
Orleans: U.S. Department of the Interior, Minerals Management Service. 

Drew, R. D., and N. S. Schomer. 1984. An ecological charactenzation of the Caloosahatc 
River/Big Cypress watershed. FWS/OBS-82/58.2. Washington, DC: U.S. Fish and 
Wildlife Service, Division of Biological Services. 

Environmental Science and Engineering, Inc., LGL Ecological Research Associates, Inc., 
and Continental Shelf Associates, Inc. 1987. Southwest Florida shelf ecosystems study 
data synthesis. OCS Study MMS 87-0023. New Orieans: U.S. Department of the 
Interior, Minerals Management Service. 

French, C. O., and J. W. Parsons, ed. 1983. Florida coastal ecological . haracterization: a 
socioeconomic study of the southwestern region. FWS/OBS-83/14. Washington, DC: U.S. 
Fish and Wildlife Service, Division of Biological Services. 

Fritts, T. H., and M. A. McGehee. 1982. Effects of petroleum on the development and survival 
of marine turtle embryos. FWS/OBS-82/37. Washington, DC: U.S. Fish and Wildlife 
Service, Office of Biological Services. 

Fritts, T. H., A. B. Irvine, R. D. Jennings, L. A. Collum, W. Hoffman, and 
M. A. McGehee. 1983. Turtles, birds, and mammals in the northem Gulf of Mexico and 
nearby Atlantic waters. FWS/OBS-82/65. Washington, DC: U.S. Fish and Wildlife 
Service, Division of Biological Services. 

Holmes, C. W. 1981. Late Neogene and Quaternary geology of the southwestern Florida shelf 
and slope. Open File Rep. No. 81-1029. Washington, DC: U.S. Geological Survey. 

Irvine, A. B., J. E. Caffin, and H. 1. Kockman. 1981. Aerial surveys for manatees and 
in westem peninsular Florida. FWS/OBS-80/50. Washington, DC: U.S. Fish and Wildlife 
Service, Office of Biological Services. 

Jaap, W. C. 1984. The ecology of the South Florida coral reefs: A community profile. 
FWS/OBS-82/08. Washington, DC: U.S. Fish and Wildlife Service, Dimsion of 

Biological Services. 

Kunneke, J. T. 1983. Southwestem Florida oe characterization: An ecological atlas. 
FWS/OBS-82/47. Washington, DC: U.S. Fish and Wildlife Service, Division of 

Mahadevan, S., J. Sprinkel, D. Heatwole, and D. H. Wooding. 1984. A review and annotated 
yw Uy 2 + ~epttanenteetedteees Contrib. Mote 
Mar. Lab., Vol. 2, No. 1. Sarasota. 

Marszalek, D. S. 1982. Florida reef tract marine habitat ecosystems (map series). New 
Orleans: U.S. Department of the Interior, Bureau of Land Management. 


A-3 


6G/ 


Appendix A: Information Collection 


McCoy, E. D. 1981. Rare, threatened, and endangered plant species of Southwest Flonda and 
potential OCS activity impacts. FWS/OBS-81/50. Washington, DC: U.S. Fish and 
Wildlife Service, Office of Biological Services. 

Odum, W. E., C. C. Mclivor, and T. J. Smith II. 1982. The ecology of the mangroves of South 
Florida: A community profile. —oTo Washington, DC: U.S. Fish and Wildlife 
Service, Office of Biological Services. 

Palik, T. F. and R . R. Lewis Ill. 1983. Southwestern Florida ecological characterization: An 
ecological atlas. Map narratives. FWS/OBS-83/47. Washington, DC: US. Fish and 

ildlife Service, Division of Biological Services. 

Schanidiy. D. J. 1981. Marine mammals of the southeastern United States coast and the Gulf of 
Mexico. FWS/OBS-80/41. Washington, DC: U.S. Fish and Wildlife Service, Office of 
Biological Services. 

Schomer, N. S., and R. D. Drew. 1982. An ecological characterization of the lower Everglades, 
Flonda Bay and the Flonda . FWS/OBS-82/58.1. Washington, DC: U.S. Fish and 
Wildlife Service, Office of Biological Services. 

Science Applications, Inc. 1981. A cultural resource survey of the continental shelf from Cape 
Hatteras to Key West. Contract No. AASS1-CT8-40. Washington, DC: U.S. Department 
of the Interior, Bureau of Land Management. 

Vargo, S., P. Lutz, D. Odell, E. S. Van Vieet, and G. Bossart. 1986. Study of the effects of oil 
on marine turtles. OCS Study MMS 86-0070. Washington, DC: U.S. Department of the 
Interior, Minerals Management Service. 

weeseee, © E. 1983. Rare, threatened, and endangered vertebrates of southwest Flonda 

OCS activity impacts. a Washington, DC: U.S. Fish and 
ife Service, Division of Biological Services. 

Zeman 1. 1982. The seagrass ecosystems of South Florida: A community , 
FWS/OBS-82/25. Washington, DC: U.S. Fish and Wildlife Service, Office of Biological 
Services. 


Table A.1. Agencies and people contacted by Continental Shelf Associates. Inc. for 
environmental information about the South Florida area.* 


Marathon, FL 
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Agency/Organi zation Contact(s) 
FEDERAL AGENCIES 
Minerals Management Service C. Anderson 
Atlantic OCS Region C. Benner 
Herndon, VA R. LaBelle 
J. Lane 
J. Wilson 
Minerals Management Service G. Crawford 
Gulf of Mexico OCS Region R. Defenbaugh 
New Orleans, LA D. Elwers 
G. Goeke 
National Energy Information Center 8. Horvath 
Washington, DC 
National Env:ronmenta! Data Referral! Service G. Barton 
Washington, OC 
National Marine Fisheries Service K Lindeman 
Southeast Fisheries Center 
National Oceanic and Atmospheric Administration 
Miam, FL 
National Park Service T Rutledge 
Biscayne National Monument 
Homestead, FL 
National Park Service J. Tr lmant 
South Florida Research Center T. Schwmdt 
Homestead, FL 
U.S. Coast Guard Capt. Witten 
Miami, FL 
U.S. Fish and Wildlife Service L. Patrick 
Coasta! Ecosystems Division 
Panama City, FL 
U.S. Fish and Wildlife Service Librarian 
National Wetlands Research Center 
Slidell, LA 
U.S. Geological Survey H. Hudson 
Fisher Island Field Station £. Shinn 
Miami, FL 
STATE AGENCIES 
Florida Bureau of Geology 0. Curry 
Tallahassee, FL A. Lewis 
Florida Department of Community Affairs D Heatwole 
Tallahassee, FL 
Florida Department of Environmenta! Regu! ation K. Swanson 
Office of Coastal Management 
Tallahassee, FL 
Florida Department of Environmental Regulation R. Hebling 
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Agency/Organi zation Contact(s) 


STATE AGENCIES (Continued) 


Fiorida Department of Natural Resources 
Marathon, FL 


Florida Department of Natura! Resources 


Division of State Lands 
Tallahassee, FL 


Houston, TX 


J. Hunt 


E. Hachenberger 


Florida Department of Natura! Resources W. Jaap 
Marine Research Laboratory J. Kimmel 
St. Petersburg, FL 
Florida Sea Grant Librarian 
Key West, FL 
South Florida Water Management District S. Bel lmund 
West Palm Beach, FL 
State of Florida P. Johnson 
Office of the Governor D. Tucker 
Tallahassee, FL 

COUNTY AGENCIES 
Dade County Department of Environmental Resource Management S. Markley 
Miami, FL 
Monroe County Planning Department L. Castillo 
Marathon, FL 
Monroe County Industrial Development Authority B. White 
Marathon, FL 

ORGANIZATIONS/INDUSTRY/PRIVATE COMPANIES 
American Petroleum Institute J. Gould 
Washington, OC 
Gulf of Mexico Fishery Management Counci! T. Leary 
Tampa, FL 
Harbor Branch Oceanographic Institution G. Gilmore 
Ft. Pierce, FL 
Harbor Branch Oceanographic Institution B. Lapointe 
Big Pine Key, FL 
Island Navigator S. Barrett 
Big Pine Key, FL 
Mote Marine Laboratory R. Heuter 
Sarasota, FL 
National Audubon Society S. Sprunt 
Research Center G. Powel! 
Tavernier, FL 
Union Exploration Partners, Ltd. R. Oliver 


Does not include contacts made by chapter authors. 
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INTRODUCTION 


Profiles of bird species are presented in this appendix. Organization of coastal birds 
follows the American Ornithologists’ Union (AOU) (1983) listirg for orders and familics; 
within families, species are considered in subgroups and are listed in alphabetical order by 
common namc. For land birds, species are alphabetically arranged (by common name) 
within five categories (sce Chapter 9). Somconc secking information about birds occurring 
within the study arca should find within the individual profiles the basic information about 
cach species. References included in the profiles can be consulted for additional 
information. 


Species of the study arca are summarized in the specics profiles in terms of Occurrence 


in Study Arca; Seasonality; Habitat/Natural History, Foraging (with emphasis on methods «1 
foraging), Prey/Food; and Comments. 


In the species profiles, | have not referenced long-held, commonly accepted knowledge 
about species. However, sources are cited for information that is recent, contrary to 
previously accepted information, controversial, or of outstanding interest. The standard 
references to South Florida birds that have been consulted are also listed in the References 
Cited section. 


Coastal and offshore avifaunas have come under increasing scrutiny during the last two 
decades. To biologists, of course, the lack of information about these communiics of birds 
has presented a challenge. To cavironmentalists, increasing ship traffic along the peninsula s 
coastlines arouses growing concern over the increasing ol pollution of marine waters and is 
effects upon the avifauna and all forms of marine life. Now, with offshore otl-prospecting 
being considered and with the possibility of functional wells on the contincatal shelf, need of 
information about the birds is pressing both for those who will be catrusted with 
safeguarding this natural resource as well as for those who will be concerned wath 
appropriate industrial safeguards. What species are we concerned about’? Where are they 
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found and when? What are their habits? What can be deduced as to their vulacrability to 


ov? 


Knowledge is uscless un’_ss organized, and much of the information we have about 
coastal and offshore birds has lain scattered through a voluminous literature. Several 
summaries of knowledge regarding the coastal and offshore avifauna of southern Florida, 
pertinent to the study area, have recently been published. Ficid investigations have 
inventoried concentrations of coastal colonial birds, and information from stations and 
transects at sca has been published. Finally, acrial surveys have censused birds of arcas of 
the coast and open sca. 


Useful in preparation of this report have been a number of recent summarics of 
information. Full citations of these publications are given in the References Cited. 
Woolfenden and Schreiber (1973), both authors of long experience with Florida ornithology, 
presented much information in an carly report about birds in saline habitats of the castcrn 
Gulf of Mexico which remains pertinent to the study area. Gusey (1981) discussed birds in 
the Florida Keys, and certain species ranging into the Gulf of Mexico. Kale (1979a, b), a 
Florida ornithologist with a career of experience in the State, authored two reports on 
sclected groups of birds on the Atlantic and Gulf coasts of Florida. Clapp ct al. (1982a.b, 
1983) presented voluminous reports on the marine birds of the southeastern US. and Gulf 
of Mexico. This is the most recent presentation of literature-search material. The 
bibliographies are extensive. Various aspects of oiling in birds and the problems of oil 
pollution are discussed at length. 


Nesbitt et al. (1982) covered breeding sites for herons and their allies in coastal and 
interior areas of the peninsula and the Florida Keys. Portnoy et al. (1981) atlased gull and 
tern colonies as well as those of pelicans, cormorants, and skimmers from North Carolina to 
Key West and the Marquesas. Coastal waterbird colonies along Florida’s entire coastline, 
the Keys, and the Dry Tortugas are covered by Spendclow and Patton (1988). Also included 
is data for northern populations of herons, gulls, and terns along the Great Lakes (an area 
of origin of some of our wintering species). Based on acrial surveys of outer continental 
shelf areas, Fritts ct al. (1983) gave an overview of birds in the northern Gulf of Mexico and 
nearby Atlantic waters, as well as in an arca southwest of Naples, Florida and extending into 
the Dry Tortugas area. 


The list of birds that can be expected to occur within the study area is long. To list 
cach species would be impractical. Marine and brackish-water oricated species have been 
given the most consideration. Most of the species of the littoral zone of marine and 
brackish habitats are carefully considered. All species in Categories of Concern recorded 
from the study area, whether from aquatic or terrestrial habitats, are included. A sample of 
the terrestrial migrants pausing in or flying through the study area is given. Finally, samplics 
of land birds of several kinds of residences and points of interest are discussed. It should 
not be forgotten that marine-bordering terrestrial areas can be compromised by marine 
pollution. 


In the species profile “Comments,” the writer admits to degrees of subjectivity. It is not 
casy to anticipate parameters of an oil spill or other forms of oil pollution. Onc can only 
make broad guesses as to the cffects upon the animals. Even more subjective are my 
comments regarding “why” any considerable mortality should not be acceptable. 
Nevertheless, as a biologist who has practiced for more than 30 years in South Florida, 

I believe such comments have a place in this manuscript. 
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Data Sources 


Christmas Bird Counts (CBCs) have been utilized in providing information about winter 
abundances of species. Three such counts are available from the study area from: 


(1) Everglades National Park (Cooi Bay area). The area consists of lakes, 
bays, and Florida Bay (45%); coastal prairie (25%); mangrove swamp 
(15%); and tropical hardwood hammock (15%). 


(2) Upper Keys (Key Largo to Plantation Key). The area consists of ocean 
and bay (50)%; hardwood hammock and residential (40%); ponds and 
swamps (5%); and flats (5%). 


(3) Lower Keys (Big Pine Key area). This area consists of beaches, ocean, and 
Gulf (30%); tropical hammock (5%); saltwater ponds and mudflats (30%); 
mangrove swamps (20%); and pine-palm forest (159%). 


In interpreting the data afforded by the counts, one should be aware that the numbers 
represent but three small areas from within a very large one; in short, they are only 
“samples” of the bird life taken at three different points. It will be readily seen that the 
Coot Bay-Everglades National Park data present greater species diversity as well as greater 
numbers of many species: this count area covers the peninsular edge as well as 
tidal-flat/sandy areas which have traditionally afforded foraging opportunities for diverse 
assemblages of birds. Each count has its compiler (name) usually cited when making 
reference to that count. Were this procedure to be observed, more than 30 compilers’ 
names would be added to the References Cited. To restrict the number of citations, I have 
taken the liberty of citing only the Senior Editor for that issue of American Birds. My 
apologies to the compilers. I have not cited references with each use of CBCs. Editors are: 
Arbib, 1977 to 1983; Farrand, 1984 to 1985; Dreanan 1986 to 1987. I have not refined CBC 
data to numbers seen/party hour; the totals seen are the important data for this report. 


Terminology 


A brief discussion of terminology is in order. Abbreviations used in the species profiles 
are aoted below. 


Seasonality 


Basic to appreciation of ihe ecology of the study area’s avifauna is consideration of the 
species’ seasonality of occurrence. The following designations are widely used in describing 
seasonal occurrence (see, e.g., Wallace and Mahan 1975). 


@ Accidental Visitor (AV). Occurrence unexpected and not predictable. 
Caution must be used in applying this designation. With species whose 
ranges are poorly known, as is the case with many pelagic birds, this 
designation may not accurately portray the situation. Also, with respect to 
range changes, first records may be AV; later, as birds become more often 
in evidence, this designation may have to be changed. 


@ Casual Visitor (CV). Individuals or numbers of individuals of a species 
present only occasionally and often with irregularity. 


@ Migratory Visitor (MV). Species present only while passing through the 
study area in fall (about August to October) or spring (about March to 
May) or during both these periods. 
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@ Permanent Resident (PR). Species present the year-round within a given 
locality. Only some part of a species’ population may be permanently 
resident; that part usually breeds. Another portion of the population may 
be migratory. Example: many heron species have a permanently resident 
population within an area and breed there. Their numbers are augmented 
in winter by migrants from elsewhere but these migrants do not breed in 
the area. 


@ Summer Resident (SR). Species that are present only in summer; this is 
usually their reproductive season. This may not be the case with pelagic 
birds which breed in the Southern Hemisphere in “their” summer and 
spend “their winter" in the Northern Hemisphere summer. 


@ Winter Resident (WR). Present only in winter. Such birds usually do not 
breed in the area. 


"Breeding season” is a term seasonally well-defined in the Temperate Zone. It is not as 
well defined in the subtropics and tropics, where some species may breed over considerable 
periods of time; often such extended breeding seasons « “i: have one or more “pulses” of 
major breeding. Some water birds of the study area, e.g., the Double-crested Cormorant 
(Phalacrocorax auritus), can be found breeding in any month but there are times when major 
numbers breed. 


Ecological Habitats 


The study area’s birds can also be grouped by their ecological habitats. Three major 
zones are recognized: 


@ Intertidal Zone. The area lying between mean low aad high tides. 


® Inshore Zone. From the lower edge of the intertidal zone to about 8 km 
(4.3 nmi) from shore. 


@ Offshore Zone. From about 8 km (4.3 nmi) offshore to the continental 
shelf edge (200 m). Found here are species that (1) return to land at night; 


and (2) enter the area from the pelagic zone and, except when breeding, 
are independent of land. 


Major Categories of Foraging 


It is well to appreciate, particularly from the standpoint of oil pollution, the many ways 
in which birds may be adapted to forage (see Ashmole 1971). 


SFE ) sul 8 ohite ante 


@ Plunge from air into water--shallow plunging or deep plunging which is 
usually terminated by swimming. 


@ Forage while swimming on surface--reach to bottom for food; filter 
material from water with bill; scoop or pick food from surface. 


® Forage from surface while in flight--skim surface with bill; pluck from 
surface. 


SF hile wadi walk 
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@ Mangrove foragers (not from intertidal zone waters)--forage from bark or 
twigs; glean from leaves; “flycatch” within and above canopy; forage above 
canopy while in rapid flight. 


@ Forage as predators or robbers (kleptoparasites) of other birds. 
® Scavenge upon dead animals, refuse, etc. 


PROFILES OF COASTAL BIRDS 


A. Loons [Order Gaviiformes, Family Gaviidae] 
Arctic Loon - Gavia arctica 


There is one record of the Arctic Loon (Gavia arctica) from the Dry Tortugas 
(Kittleson 1976); this is apparently the only record from extreme South Florida. 


Common Loon - Gavia immer 


Occurrence in Study Area. WR. Florida Bay, large estuaries, inshore waters of exposed 
coastlines; the Dry Tortugas. According to Robertson and Mason (1965), “uncommon” 
offshore extreme southern Florida. Woolfenden and Schreiber (1973) commented that 
the species is almost impossible to census accurately (see below under Comments). 
CBCs, from three points within the study area, 1977 to 1987: average yearly total 7; 
maximum yearly total 18; minimum, 3. 


Seasonality. October to May; peak numbers December to February. 


i . Breeds on tundra and borea! freshwater lakes. Solitary in 
winter. Inhabits inshore waters of estuaries and bays. Known to range in the open Gulf 
as far as 140 km (75.5 nmi) offshore (Kale 1979b). Sleeps on the water. In February, 
loons undergo simultaneous molt of flight feathers and become temporarily flightless 
(Woolfenden 1967). According to McIntyre (1986), Minnesota-area loons winter along 
Gulf shores; central-Canada birds winter off the Atlantic coast. In the eastern Gulf of 
Mexico off Southwest Florida, Fritts et al. (1983) found Common Loons concentrated 
within 95 km of the coast. 


Foraging. Submerges from surface. Pursues fish underwater and picks prey from 
bottom. Foot-propelled. Usual freshwater depths 4 to 10 m (Roberts 1932); depths to 
70 m claimed (Schorger 1947). 


Prey/Food. Fish up to 28 cm (Cramp et al. 1977); also crustaceans, molluscs, worms, 
etc. 


Comments. Oil Vulnerability Index (OVI) among highest for birds, 47 to 65/100 (King 
and Sanger 1979). Loon numbers much reduced by breeding-habitat loss, by human 
interference on the breeding grounds, and by the thousands killed from undetermined 
causes offshore Florida (McIntyre 1986). Oil spills pose a serious threat to loon 
populations. Woolfenden and Sch:eibcr (1973) commented that three days after a 1970 
Tampa Bay oil spill, 70 Common Loons were obtained along the shorelines and that 
undoubtedly but a few of the sick loons were found; such numbers were never censused 
there before. Even small numbers of loons, were they to be affected in the study arca, 
are important to those of the North who regard these birds as “tangible evidence of 
wilderness” (McIntyre 1986). 
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Red-throated Loon - Gavia stellata 


The Red-throated loon (Gavia stellata) is a CV to the Gulf of Mexico where it is 
uncommon (Clapp et al. 1982a). It is rarely seen in extreme South Florida. CBCs, 
from three points within the study area, 1977 to 1987, recorded a total of only 3 
individuals on two separate occasions. 


B. Grebes [Order Podicipediformes, Family Podicipedidae] 
Eared Grebe - Podiceps nigricollis 

Rare in winter; primarily coastal. 
Horned Grebe - Podiceps auritus 


Occurrence in Study Area. WR. Present in so-called “lakes” of deeper water within 
Florida Bay (A. Sprunt IV, pers. comm. 1989, National Audubon Society). CBCs, 1977 
to 1987, from three points in the study area: average yearly total 55; maamum yearly 
total 103; minimum, 20. 


Seasonality. October to April. 


Habitat/Natural History. Breeds circumpolarly in inland waters in North America 
south to northern states. Winters coastwise, mainly in sheltered bays, inlets, and shallow 


inshore waters. Frequents rough water more than other small grebes; buoyant in waves. 


Foraging. Sinks or dives from surface. Foot-propelled. Usual depths to 25 m (Cramp 
et al. 1977). Usually solitary, but reported to congregate at schools of fish. 


Prey/Food. Diet shifts with prey availability. According to Cramp et al. (1977), 
arthropods, especially insects and their larvae, and fish. 


Comments. Highly susceptible to oil. 
Least Grebe - Tachybaptus dominicus 


This grebe is resident in South and Central America to Texas and in the Greater 
Antilles and the Bahamas. It is largely a freshwater inhabitant. There are three 
possible records from extreme South Florida and one probable record (sce Robertson 
1971). 


Pied-billed Grebe - Podilymbus podiceps 


Occurrence in Study Arca. PR, WR. In winter, numerous in freshwater habitats inland 
of coastal rim; to some extent in mangroves and sheltered coastal areas. Many of these 
are migrants from the north. To what extent in winter the freshwater nesting 
population of South Florida moves into the coastal habitat is not known. CBCs, 1977 to 
1987, from three points in the study area: average yearly total 48; maximum yearly total 
165; minimum, 4. 


Seasonality. Migration pulses: September to November; March to May. Inland 
breeding dependent upon high water and thus irregular, largely July to November. 
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Habitat/Natural History. Breeding population in interior wetlands; nests, floating 
masses of aquatic weeds amongst emerger vegetation. Grebes stay close to shore; 


usually sleep on the water. Known, infrequently, to “crawl” onto lily pads or marshy 
shores to sun (Bent 1919). 


Dives or sinks from surface; pursues prey under water. Foot-propelled. 
Depths usually to about 6 m (Cramp et al. 1977). 


Prey/Food. Crustaceans, aquatic insects, other small invertebrates, and small fish. 
Comments. Grebes are very susceptible to oil; OVI is 44 to 56/100 (King and Sanger 
1979). Of particular concern: oil spill that involves mangrove shorelines and inland 
brackish waters. 

Red-necked Grebe - Podiceps grisegena 
Rare in winter; recorded off Tavernier, Key Largo (Sprunt 1963). 

Western Grebe - Aechmophonis occidentalis 


AV, Gulf coast. 
C. Pelicans and Allies {Order Pelecaniformes] 


1. Pelicans [Family Pelecanidac] 
American White Pelican - Pelecanus erythrorhynchos 


Occurrence in Study Area. WR; a few, non-breeding, remain in summer. Principally 
close offshore the Cape Sable arca as well as at inland lakes. CBCs, 1977 to 1987, Coot 
Bay-Everglades National Park and Key Largo areas: average yearly total 1,493; 
maximum yearly total 4,024; minimum, 619. Other CBC points in study area, 
inconsequential numbers. 


Seasonality. Fall arrivals October; most gone by May. 


Habitat/Natural History. Frequents bays, estuaries, mangrove shorelines, and inland 
brackish/freshwater areas. Chapman and Loftus (1986) reported that the White Pelican 
utilizes freshwater marshes in Everglades National Park. They found the birds present 
at marsh-mangrove interfaces in Shark Valley. Loaf and roost on sandspits and exposed 
tidal flats. Breeds in the northwest and north-central parts of the continent, sporadically 
to the Texas coast. 


Foraging. While swimming. Submerge head and scoop fish into gular sac. Also forage 
cooperatively, swimming in line abreast to herd fish. 


Prey/Food. Almost exclusively fish. 
Comments. Vulnerable to plumage-oiling while foraging and probably during much of 


its existence since it is never far from water, roosting near or on it. Vulnerable to 
ingestion of oil while scooping fish. 
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The Florida Bay population was over 5,000 in 1976 (Kushlan 1978b). Sidle et al. (1985) 
censused the North American population from 1979 to 1981 and totaled 109,000 birds, 
41% being in the U.S. and the rest in Canada. Within Florida Bay, oil spills drifting 
into the coastal mangrove fringe might well imperil a significant part of the country’s 
population as well as an additional population from Canada. 


Brown Pelican - Pelecanus occidentalis 
Florida Species of Special Concern (FGFWFC 1989) 


Occurrence in Study Area. PR, WR. Wintering population a composite one. 
Post-breeding movements bring South Carolina-raised birds to Florida east coast, and 
along with birds raised on Florida east coast, these winter here and along the Upper 
Keys; Tampa Bay-raised birds move to upper Florida Bay (Flamingo), the Keys west of 
Marathon to the Dry Tortugas (Schreiber 1976). CBCs, 1977 to 1987, from three points 
within study area: average yearly total 1,324; maximum yearly total 2,266; minimum, 
1,024 (1986). Breeds on mangrove islets in Florida Bay and (Schreiber and Robertson 
1975) at Dry Tortugas. 


ity. Recorded breeding every month. Peak laying usually March to April. 
Dates for shifting of populations not exactly determined. 


Habitat/Natural History. Frequents bays, estuaries, mangrove lakes, and mangrove 
fringes; inland brackish/freshwater areas to much lesser extent. Only occasionally seen 
offshore zone at 32 to 64 km (17 to 34.5 nmi), rarely further (Schreiber 1978a). Roost 
and nest in coastal mangroves; also roost on sandspits and bars offshore. Gregarious. 
Nests on mangrove islets. Nests a platform of sticks atop branches; grasses and debris 
heaped on sticks. Eggs, 2 to 3; incubation, 28 to 30 d; time to fledging, 11 to 12 wk 
(Schreiber 1978a). Colonial in nesting, often with other species. 


Foraging. Plunge-dive, much of plumage potentially submerged. 
Prey/Food. Almost entirely fish. Frequents fish-cleaning stands for refuse. 


Comments. Highly vulnerable to plumage-oiling while swimming and “plunge-diving.” 
Pollution that affected fish populations would certainly affect the Brown Pelican 
populations. The extended period of dependence of the young and their deferred 
maturity accentuates the threat of any unnatural mortality of the populations. Schreiber 
(1978a) stressed the importance of maintaining integrity of South Florida populations in 
light of the species’ scarcity in states where formerly abundant. It should be noted that 
from monthly censuses, 1977 to 1981, Kushlan and Frohring (1985) calculated a 40% 
drop in Florida Bay populations. 


2. Cormorants [Family Phalacrocoracidac] 
Double-crested Cormorant - Phalacrocorax auritus 


Occurrence in Study Area. PR, WR. At all times of the year, a very common bird, 
probably most common swimming avian piscivore ox the study area. Breeds colonially 


in fringing mangroves and mangrove islets. In winter, numbers much augmented by 
migrants from the north, of a different subspecies, P. a. auritus. Local PRs, P. a. 
floridanus. CBCs, from three points within the study area, 1977 to 1987: average yearly 
total 2,992; maximum yearly total 4,102; minimum 1,625. 
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Seasonality. In Biscayne Bay, Cummings (1987) reported average counts of 1,300 during 
April to August, and 3,500 between November to February. A similar increase should 
occur in Florida Bay immediately to the south. At this southern point in the species’ 
breeding range, nesting recorded for ali months (Portnoy et al. 1981), and there may be 
ey hap aptamer pear McEwan and Kushlan (1977) reported nest 
increases October to December, from 200 to 800 in South Florida national parks (most 
nests in the study area). Bass and McEwan (1978) found nesting January to March, 
with a peak of i,100 in March. Cusmings (1987) reported April to August as peak 
breeding in Biscayne Bay. 


Habitat/Natural History. This cormorant is found in relatively open water in the 
interior freshwater wetlands. The largest concentrations are in protected coastal waters 
(e.g., bays, estuaries, and to leeward of islets). Also range beyond inshore waters to 
points far offshore. Kale (1979b) cites offshore distances in the Gulf of 37, 74, and 82 
km (20, 40, and 44 nmi). 


Nesting in Florida Bay recorded from numerous Keys (i.c., Arsnickers, Buchanan, 
Channel, Cuthbert, Frank, Green Mangrove, and Sandy). Nests usually in mangroves; 
of sticks and lined with seaweed/grasses. Eggs, 2 to 6; incubation, about 25 d; first 
flights to water from which then take off (about 42 d); accompany adults until about 10 
wk when become independent (Terres 1980). Colonial in nesting, often with other 
waterbird species. 


Much time spent afloat, preening and sunning, often in loose crngregations. Also sun 
and preen in groups on bars and sandy beaches. Perch on buoys, chaanel markers, 


pilings, sailboats, etc. Root at night in mangroves, usually on islets. 


Eoraging. Land on water from flight. Dive from surface. While submerged, pursue 
prey or hunt the bottom. Swim with feet. Usual depths 1.5 to 7.5 m (Terres 1980). 
Some areas of plumage become water-soaked (Owre 1967). Howell (1932) described 
several thousand cormorants following 4 “run” of fish. 


Prey/Food. Almost exclusively fish; some crabs, shrimp, and other crustaceans taken. 
Cummings (1987) listed fish from samples of food fed to young. Apparent order of 
food preference: gulf toadfish (Opsanus beta), bluestriped grunt (Haemulon sciurus), 
bucktooth parrotfish (Sparisoma radians), white grunt (Haemulon plumieri), and pinfish 
(Lagodon rhomboides). Opsanus beta (toadfish) constituted 40% by weight of food fed 
young. 


Comments. OVI —— 52 to 63/100 (King and Sanger 1979). High OVI 
results from: (1) f while submerged; (2) much time afloat preening, etc.; (3) 
on. running take-off: and (4) loselyeparos in forging, Probably not taken 
into previous account for OVI: (1) hazard to eggs and young from plumage of oiled 
adults; (2) possi‘ility of nest construction materials (seaweed, trash) gathered from 
water being oiled and this transferred to eggs or young; (3) first flighis of young are to 
RT de ee ee eee a 
the nest and during the long period of dependence on parents. Not previously taken 
into account for high OVI: southern Florida has the highest winter density of these 
cormorants in the U.S. (Root 1988); cormorants from a large part of the U.S. winter in 
the study area and widespread mortality at this iime will affect populations from other 
portions of the continent. 


In terms of the ecological importance of this bird, Cummings’ (1987) data are 


important. She calculated that in Biscayne Bay, the cormorants take 271,000 kg of 
fish/yr and return to the bay 26,000 kg of guano/yr. Clearly, these birds are an integral 


part of the ecology of this and other subtropical estuaries. 
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Finally, W. B. Robertson (pers. comm. 1989, biologist, U.S. National Park Service) 

witnessed complete disappearance of these birds from the Dry Tortugas Atoll when oil 
from a 1964 spill drifted into that area. A census of the cormorant population shortly 
before arrival of the oil recorded 50 cormorants present (Robertson and Mason 1965). 


Great Cormorant - Phalacrocorax carbo 


Another species of cormorant, the Great Cormorant (P. carbo) is a very casual WV to 
southern Florida. Only a very few individuals have been reported from the area 
included in this study. 


3. Anhingas [Family Anhingidac] 


Anhinga (Water Turkey) - Anhinga anhinga 


Occurrence in Study Area. PR, WR. Breeds in the wading bird colonies of Florida 
Bay, the mangroves along the mainland, and the freshwater wetlands. Forages within 
mangrove areas, but in much smaller numbers than in the freshwater wetlands. CBCs, 
from three points in the study area, 1977 to 1987: average yearly total 35; maximum 
yearly total 74; minimum, 14. All but six of these birds were from Coot Bay-Everglades 
National Park. 


Seasonality. Migrants from the north arrive October to November; numbers decrease 
March to April. To what extent PRs shift about, not known. Nesting recorded in 
southern Florida for all months; peak of nesting December to April. 


Habitat/Natural History. Although principally freshwater inhabitants, Anhingas are 
found in mangrove areas (Owre 1967; Burger et al. 1978) where they forage, roost, and 
breed. Birds require emergent vegetation (shrubs, trees) upon which to climb from 
water. Nests are in forks of bushes or trees and are of twigs, lined, and festooned with 
branchlets with green leaves. Eggs, 3 to 6; incubation, about 28 d. Young become 


ambulatory i in nesting tree and, if disturbed, plunge into water; ability to regain tree 


Foraging. While swimming submerged. Plunge from overhanging branches, or dive or 
sink from the surface. While submerged, move slowly and because of “wettability” of 
plumage, able to neutralize buoyancy (Owre 1967). Grasp small prey between 
mandibles, impale large prey; rise to the surface to ingest. At surface, swim low in the 
water, usually only neck and head emergent. 


Prey/Food. Almost exclusively fish; some invertebrates. 


Comments. Although relatively few birds are found in marine areas, concern for 
Anhingas results from the following considerations: (1) the birds plunge into the water 
and forage submerged; (2) their plumage is adapted to become water-soaked; (3) when 
swimming at surface, most of body submerged; (4) ail of food gained while in water; (5) 
species not as abundant as formerly, largely disappeared in Texas (Oberholser 1974), 
declining rapidly in Arkansas (James and Neal 1986), and reduced in numbers and 
habitat in Florida (Owre unpubl. data); and (6) this is an unusual water bird, strikingly 
out of the ordinary in appearance. Few birds can have as high an oil vulnerability. 
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4. Frigatebirds [|Family Fregatidac} 
Magnificent Frigatebird (Man-O'-War Bird) - Fregata magnificens 


Occurrence in Study Arcg. PR. Throughout the entire area, including inshore and 
offshore waters. At the Dry Tortugas (Harrington et al. 1972), counts from April to 
July gave a daily magmum number of 140, a minimum of 48. CBCs, 1977 to 1987, from 
three points in the study area: average yearly total 76; maamum yearly total 250, 
minimum, 14. Breeds irregularly, the localities varying. 


Seasonality. Breeding March to ?. In Florida, less common when breeding at 
Bahamian and West Indian sites (Palmer 1962); most common in spring and summer. 


Habitat/Natural History. Nesting in Florida first recorded at Marquesas Keys, 1969 to 
1975 (Robertson 1978a); this colony presently not active. Now nesting, 1988 to 1989 at 
Loggerhead Key in the Dry Tortugas (W. B. Robertson, pers. comm. 1989). Nest 
flat-topped, loose platform of twigs lined with seaweeds and grasses. Onc egg; 
incubation, about 40 d; age at first flight more than 20 wk. Return to nest to be fed by 
adults. Gregarious. Females have heavier wing-loading than males. Bathe and drink in 
freshwater. 


Foraging. Dependent upon wind for extensive flight (Robertson 1978a). Pick up prey 
from the sea surface and from the air (flying fish). Harass terns, boobies, other 
seabirds for food they are carrying. Take eggs and young from seabird colonies. Follow 
fishing boats for refuse. Progress over water by soaring aloft in thermals, then gliding. 
Fly over large expanses of water when foraging (Harrington ct al. 1972). 


Prey/Food. Fish, squids, refuse, eggs and downy young of seabirds, etc. 


Comments. Vulnerability of this large scabird in an oil-contaminated environment 
difficult to assess. It does not land on water. Its food is from the ocean. It lines its 
nests with seaweed which could be oil-contaminated. A scrious consideration is that it 
would feed on organisms weakened by oil. Mortality of the birds would be unfortunate, 
for as Robertson (1978a) wrote “its key value is aesthetic...it gives summer skies of 
southern Florida coasts an unmistakable tropical character.” 


D. Herons and Allies (wading birds) [Order Ciconiiformes} 


1. Bitterns, Egrets, and Herons [Family Ardeidac| 
a. Bitterns 


Occurrence in Study Arca. SR, WR. Bowman and Bancroft (1989) reported the first 
nestings in Florida Bay, these on mangrove islets. Abundance of this inconspicuous bird 
in the study area is not known. Whether or not this nesting population is present 
throughout the year is unknown. To what extent migrants pass through the area cn 
route to wintering areas to the south is unknown. It is likely that a wintering population 
is made up from the nesting one and from more northern ones that migrate to South 
Florida. 

Seasonality. Bowmar and Bancroft (1989) reported nestings on 15 June 1988 (this nest 


with two fledged young on 5 July), 29 May 1987, and 12 June 1987 (two ambulatory 
young from this nest on 1 July). 
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Foraging. According to Hancock and Kushlan (1984), foraging is characterized by 
walking slowly and stalking among leaves and branches or on branches over water. The 
birds may “stand in place” znd engage im “neck swaying.” Afier a strike, the birds usually 
shift foraging places. Individuals walk in crouched positions, neck extended, the bill 
nearly touching the water, and strike rapidly from this position. 


PR, MV. Breeds in colonial water birds’ nesting sites. 


Occurrence in Siudy Arca. 
CBCs, from three points in the study area, 1977 to 1987: average yearly total 131; 
maximum yearly total 364; minimum, 68. 


Ycasonality. Present in varying numbers throughout the year. In spring and fall, birds 


Foraging. Principally in inland agricultural lands. 
Prey/Food. Grasshoppers, crickets, spiders, small lizards, etc. 
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Great Egret - Casmerodius albus 
(=American Egret, Common Egret, Great White Egret) 


Occurrence in Study Area. PR, WR, MV. Two populations are present. The nesting 
one that may be more or less sedentary, the juveniles presumably dispersing clsewherce. 
According to Byrd (1978), migrants from the coastal Atlantic states and from about 
Ohio move to Florida in the fall; how many of these pass southward beyond Florida to 
winter is not clear. The egrets are present in the study arca throughout the year. There 
is, no doubt, considerable movement between marine cavironments and the freshwater 
areas of the interior. CBCs, 1982 to 1987, from three points in the study arca: average 
yearly total 1,800; maximum ycarly total 3,524; minimum, 535. Of above CBCs, Coot 
Bay-Everglades National Park average yearly total 1,236; maximum yearly total 3,305; 


Scasonality. Nesting occurs year-round, its peak is February to April (Kushian and 
White 1977a). According to Powell (1987), water levels in castern portions of Florida 
Bay are too high for foraging from September into December, and birds at this time 
must fly long distances to forage or move elsewhere. 


Habitat/Natural History. This is “a bird of wet habitats of all sorts” (Hancock and 
Kushlan 1984). Great Egrets utilize all wetlands, in which by virtue of its size the birds 
can forage, as well as dry coastal prairie adjacent to Florida Bay. Nesting, by singic 
pairs or colonial. Nests in mangroves, other trees, bushes, cic. Nests, of sticks; eggs, 2 
to 5; incubation, 25 d; young clamber from nest at 3 wk; fledge in three more weeks. 
Roosts in mangroves and other trees. 


Foraging. In Florida Bay, foraging deyxcent on tidal levels. Powell (1987) describes 
the egret as a “medium species” in foraging depth (to a maximum of 2° cm). Forages 
solitarily and in groups. “Walking slowly’ in water or on dry land comprises 60 to 90% 
of foraging time (Rodgers 1983). “Standing” is commonly used. When alonc, usually 
defends area around itself. When feeding in groups, often “robs.” 


Prey/Food. Fish largest comporent of dict. Along shorelines, feeds on insects, 
amphibians, invertebrates, etc. On dry land, often takes small mammals. 


Comments. Loss of wetland habitats everywhere and its gencral population decline 
across the U.S. (Wiese 1978) suggest that any unusual mortality of the species would be 
serious. 


Little Blue Heron - Egretia caerulea 
Florida Species of Special Concern (FGFWFC 1989) 


Occurrence in Study Arca. PR, WR, MV. Breeds in Florida Bay and mangrove-fringed 
coastline of the study area. Migrants pass through the area en route south; to what 
extent these linger or constitute a wintering population is not known. The numbers 
remaining in cast Florida Bay must be small from September into December; for at this 
time, water levels make foraging for this species difficult (Powell 1987). CBCs, from 
three points in the study area, 1977 to 1987: average yearly total 817; maximum yearly 
total 1,546; minimum, 433. 


Seasonality. Nests December to June (Terres 1980). Northern birds pass into souther:: 
Florida from October to November. 
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Habitat/Natural History. Shallow watcr for foraging, preferentially shallow water of 
freshwater marshes and grasslands. Nesting individuals from coastal colonies tend to fly 
inland to forage. Nesting and roosting trees include mangroves. Nest, cf sticks, flimsy, 
eggs, 2 to 5; incubation, 21 to 25 d; young ambulatory 13 d; time tc fledging? 


Foraging. Leg-length categorizes it as a “small species” regard:ng maximum foraging 
depth (Powell 1987). Greatly influenced in marine environments by tidal ranges 
(Rodgers 1978). = eee Seen De. See See ee eee 
water is at a maximum and the smaller wading birds must cither feed along island 
shores, the main Keys, leave ¢ area, or shift to the we tern side of the Bay, foraging 
numbers on the Gulf side of the Bay are very large from October into November and at 
other times of the year. Kushlan (1978a) described the species as being among the 


Prey/Food. Mostly slow-swimming fish or substrate-crawling invertebrates; prey types 
in conformity with usual foraging behavior (Rodgers 1982}. 


Comments. Probably not critical regarding vulnerability to oil spills in marine 
environment since it forages to large extent in fresh water. 


Reddish Egret - Egretia rufescens (formerly Dichromanassa rufescens) 
Florida Species of Special Concern, USFWS Under Review 2 (FGFWFC 1989) 


slang tho Goll enant 8S Teta Baden end tecainy ta too Wont bodlee CBCs, 1982 to 
1987, from three points in the study area: average yearly total 89; maximum yearly total 
144; minimum, 60. 


Powell et al. (1989) summarized knowledge of the historical and current status of the 


Reddish Egret in Florida Bay. Early in the century, the species appears to have been 
extirpated not only from the Bay but from the entire State. After exploitation of the 


1978e). The population has not been surveyed since 1980. Presumably the scarcity of 
fish, as is now evident throughout the Bay, is affecting its breeding success. 


Scasonality. Nests almost year-round, with peaks November to January and February to 


. “Brackish marshes and shallow coastal habitats, breeding in 
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Comments. The Florida Bay population is probably a unique one in terms of its gene 
pool. Its numbers are estimated below 300 pairs (Hancock and Kushlan 1984). Any 


unnatural mortality would be extremely scrious in a population ecologically restricted to 
an arca in which the productivity of its food sources has become submarginal. 


Snowy Egret - Egretia thula 
Florida Species of Special Concern (FGFWFC 1989) 


PR, WR, MV. Coasial areas of mainland and Keys to the 


some to Panama in winter (Hancock and Kushlan 1984). Mid-Atlantic states” birds 
migrate through the study area en route to and from South America. CBCs, from three 
points in the study arca, 1977 to 1987: average yearly total 1,446; maamum yearly total 
2,932; minimum, 405. 


Seasonality. Nesting dependent upon hydroperiod, usually March to August. Fall 
migrants, October to November. 


Habitat/Natural History. Less restri: astal areas than Tricolored Heron 

(Hancock and Kushlan 1984). Large . nesting colonies usually in coastal estuarine arcas 
(Ogden 1978). Nest, of twigs; fir | m trocs (often mangroves, bushes, etc.). Eggs, 3 
to 4; incubation time and fledging u. Large communal roosts when not breeding. 


Evraging. Diurnal. In flocks. Very active in pursuit of prey. Repertoire of foraging 
behaviors most diverse of herons studied (Hancock and Kushlan 1984): primarily 
“walking slowly,” “standing,” and “walking quickly’; specializes in foot movements to 
attract fish, as well as acrial methods of attraction. Frequents pastures and other dry 
ground at times. 


Prey/Food. Varied. Insects (particularly grasshoppers), cutworms, small fish, lizards, 


Tricolored Heron (= Louisiana Heron) - Egretta tricolor 
Florida Species of Special Concern (FGFWFC 1989) 


Occurrence in Study Arca. !’R, WR, MV. Northern U.S. birds pass through the study 
area to and from the West Indics and South America. Local breeding birds sedentary? 
dispersal. Found throughout the study area. CBCs, from three points 


+ 


and in bays. Nests in trees standing in water, often mangroves. In mixed colonies 

throughout Florida Bay, also freshwater wetlands. Nest of sticks, usually <3 m above 

ground. Eggs, 3 to 4; incubation, 21 d; young clamber from nest after 3 wk; fledge 
wk. 


Foraging. Shallow aquatic habitats, often mudflats. Varied foraging methods, often 
“flicking” wings (see Hancock and Kushlan 1984). 
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Prey/Food. Primarii;' fish, crustaceans, and aquatic insects; also snails, amphibians, ctc. 


Comsaents. Because of its greater preference for estuarine and coastal areas (Ogden 
1978f), more vulnerable to oil than many of the smaller herons. 


c. Herons 
Black-crowned Night-Heron - Nycticorax nycticorax 


Occurrence in Study Area. PR, WR, MV. Present year-round in Florida Bay and 
southwest coastal areas. Uncommon in Florida Keys. A breeding 
population-(sedeniary?), wintering birds from elsewhere and a large population of 
migrants en route to and from probably Cuba and other areas beyond Florida (Byrd 
1978) are present. Note: in Monroe County, only two of 44 nesting rookeries listed by 
Nesbitt et al. (1982) contained this species; on the other hand, the birds are not always 
easy to count and may nest solitarily. CBCs, from three points within the study area 
(with birds only recorded from the Coot Bay-Everglades National Park area), 1977 to 
1987: average yearly total 27; maximum yearly total 61; minimum, 2. 


Seasonality. Breeding season largely December to May or later. Build-up of migrants 
begins early fall. 


. “Virtually all types of shallow water areas suitable for feeding” 
(Dunstan 1978a). In Florida, concentrates about estuaries. Common in mangroves and 
other trees where they forage, roost, and nest. Nest singly, in groups, and in colonies of 
mixed species. Nest, of twigs; flimsy; in mangroves and other growth. Eggs, 3 to 5; 
incubation, 21 to 22 d; 6 wk to fledging, but clamber from nest at 3 wk. 


Foraging. Typically at night or crepuscularly; also diurnally when, however, subject to 
attack by day herons (Hancock and Kushlan 1984). Forages solitarily and maintains 
territory, or forages in groups. “Standing” and “walking slowly’ common foraging 
behaviors; also reported are “hovering,” “diving,” and “swimming feeding.” The writer 
has watched this bird dive into water from low overhanging branches. 


Prey/Food. Mostly fish and other aquatic organisms, but diet very diverse. Apparently 
a well-known predator of eggs and young of other aquatic birds (Hancock and Kushlan 
1984). Also known to scavenge dead fish. 


Comments. Abundance in the study area not surely known since the birds are secretive, 
roost in dense cover, and forage at night. How would nocturnal feeders react to a drift 
of oil into the mangroves? 


Great Blue Heron (blue color morph) - Ardea herodias 
(“Wurdemann’s Heron" is a white-blue color morph cross) 


Occurrence in Study Area. PR, WR. This color morph is found throughout coastal and 
estuarine areas. Population structure is complex (Powell 1987). An apparently largely 


sedentary population breeds here; in winter, a migratory component of northern 
populations is present. CBCs, 1982 to 1987, from three points in the study area: average 
yearly total 338; maximum yearly total 404; minimum, 281. 


Seasonality. Migrants arrive October and November (Powell 1987); these gradually 
leave during late winter and spring (February to April). The blue and white morphs 


breed simultaneously. The majority of nests are found from September to February 
(Powell 1983), but some nesting birds are found throughout the year. 
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Habitat/Natural History. Coastwise and estuarine (freshwater wetlands as well). Nests 
on mangrove islets in Florida Bay and on offshore Keys to Key West and the Marquesas 
Keys. Nests solitarily or in colonies. There is rare interbreeding of color morphs. 

Some idea of relative sizes of breeding populations of the two morphs can be gained by 
comparing total nests of each, counted during the three-year period 1976 to 1978: 274 
white morph nests and 142 blue morph nests were tabulated within Monroe County 
portions of the study area (Nesbitt et al. 1982). Nests, eggs, incubation, etc., as white 
morph. 


Foraging. Coastwise, on tidal flats, along tidal passes, on the mudbanks that 
Je ee oe shots peacigaly “ean ocd wait eee oe oe 


According to Krebs (1974), a “partly social” forager, its social feeding increasing as docs 
the “richness of prey.” Forages throughout the diel cycle; moonless nights no deterrent 
(Black and Collopy 1982). 


See asi ad Us ie ote oe ae 


Comments. Concerns for this heron are several: (1) The resident population appears 


sedentary and its location at the end of the peninsula suggests a gene pool different 
from other continental populations and adapted to subtropical conditions. Any 


could affect local breeding populations from other parts of Florida and/or 
the US.; TCS) Depth at which the bitbl cee foreae and tals smongng of doud fh 
suggest potential for oiling and sublethal effects from ingesting oil-killed prey. Nothing 
is known of the herons’ reactions to oil by day, let alone by night; and (4) Long 
incubation period and long period before fledging (6 to 8 wk) increase danger of 
exposure to possible oil spill. 


Great Blue Heron (white color morph) - Ardea herodias 
(formerly Great White Heron - Ardea occidentalis) 


. The major range and virtually 
ov oan bc tov tpetanes Gapeun eaplinty to Gs Dey Semgee and 
study area: average yearly total 316; maximum yearly total 466; minimum, 271. 
Powell et al. (1989) reviewed historical and current status of this color morph to date. 


During the latter 1960s, the population comprised about 900 birds. In 1984, a survey 
indicated a similarly sized population. Powell's studies have indicated a lack of 


reproductive success of this color morph, apparently due to inadequate food supplies. 


ity. Breeds during any month, but the majority of nests are September to 
February (Powell 1983). 
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Habitat/Natural History. Coastal and estuarine. Nests on mangrove islets in Florida 
Bay and westward along offshore Keys (Great White Heron National Wildlife Refuge) 
to Key West and the Marquesas Keys. About half of the islands in East Florida Bay are 
used as breeding sites for one to 50 pairs; some have blue morph individuals mixed in. 
Nests principally on black mangroves but other trees also utilized (Powell 1983). Nest, 
of sticks; 1-m diameter. Eggs, 3 to 7; incubation, 28 d; successful nests fledge 2 to 3 
young in about 2 mo. 


Foraging. Coastwise, tidal flats and the interlacing mud banks within Florida Bay. 
Rarely on dry shoreside prairies (Robertson 1978b). Maximum foraging depth about 39 
cm. Foraging methods principally “stand and wait" and “walk slowly.” In East Florida 
Bay “may feed at anytime, day or night; because of size, is independent of water levels 
year-round” (Powell 1987). In East Florida Bay, forages principally at night (Powell 
1983). 


Prey/Food. Fish (up to 30 cm in length); also shrimp and other crustaceans (Robertson 
1978b). 


Comments. Concerns for this heron are several: (1) the range of this morph is largely 
restricted to Florida Bay and the Keys to the west; any considerable mortality there 
could jeopardize the population which is not large; (2) food availability has become a 
factor in limiting clutch size and fledging success (Powell 1983). The population, 
therefore, is now apparently stressed; (3) there is a long time to maturity, with an 
incubation period of 30 d and with the young in the nest for 6 to 8 wk; and (4) this 
stately, large bird is a major aesthetic feature of South Florida estuaries (Robertson 
1978b). 


Occurrence in Study Arca. PR, MV. Breeding population present more or less 
throughout the year. Juveniles presumably disperse widely. A large migrant population 
passes through southern Florida to the Bahamas and other Caribbean islands. To what 
extent these linger or remain throughout the winter is not clear. CBCs, from three 
points within the study area, 1977 to 1987: average yearly total 111; maximum yearly 
total 184; minimum, 18. 


Seasonality. Peak of the nesting season, March to May. Nesting is less dependent upon 
seasonal water levels than many ardeids since the birds rarely wade but forage from 
emergent trees, bushes, etc. and from shorelines, and are not as dependent upon tidal 
conditions. Migrants arrive October to November. 


Habitat/Natural History. Found along “forested water margins” (Hancock and Kushlan 
1984) of freshwater and marine ecosystems. In the study area, it is found virtually 
everywhere there are stands of mangroves. The birds nest singly, in small groups, or in 
mixed-species colonies. Nests, of twigs, in bushes and trees. Eggs, 2 to 4; incubation, 
21 to 25 d; young climb when 1 wk old; fledge 5 wk. 


Foraging. Feeds by night and day. Most frequent foraging behaviors: “standing in 
crouched position” on branch or shore and “walking slowly” (Hancock and Kushlan 
1984). Other behaviors are “plunging,” “jumping,” and “swimming feeding.” Solitary and 
highly territorial. 


Prey/Food. Mostly small fish and insects. 
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Comments. Dark-plumaged, secretive small herons are difficult to census. Extent of 


the population not known. Vulnerability of the population to oiling does not appear a 
J iderati 


Yellow-crowned Night-Heron - Nycticorax violaceus 


Occurrence in Study Area. PR, WR, MV. Breeds widely where appropriate foraging 
and trees for nesting. Population augmented in fall and winter by migrants from 
northern parts of range. A dense population is found in winter between Tampa Bay 
and Cape Sable (Root 1988). Present throughout the Keys to the Marquesas; recorded 
at the Dry Tortugas. CBCs, from three points within the study area, 1977 to 1987: 
average yearly total 46; maximum yearly total 170; minimum, 8. While the average of 
total counts at Coot Bay-Everglades National Park was 13, at the Lower Keys it was 9, 
and at Key Largo-Plantation Key was 5. 


Seasonality. Nests March to July. Migrants begin arriving October. 


Habitat/Natural History. In the study area, a bird of mangrove shorelines and mud 
flats. Roosts in mangroves by day. Nests in mangroves and other trees; nests singly and 
in colonies, often of mixed species. Nest of twigs. Eggs, 2 to 3; incubation, 21+ d; 3.5 
wk to fledging. 


Foraging. Principally in areas exposed by receding tides and where crustaceans can be 
found. Forages along mangrove shorelines and on exposed tidal flats distant from 


shorelines. Forages solitarily. Principal foraging methods: “standing while looking for 
prey” and “walking slowly.” Forages at night; also in daylight, with receding tides. 


Prey/Food. “The Yellow-crowned is a dietary specialist on crustaceans” (Hancock and 
Kushlan 1984). Fish and a variety of invertebrates including mussels also taken. 


Comments. Difficult birds to census; the size of the study area’s population is not 
known. Oil washing into mangroves and over tidal flats would destroy the fiddler crabs 
(Uca sp.) and other crustaceans upon which the heron feeds. 


2. Ibises and Spoonbills [Family Threskiornithidae] 


a. Ibises 

Glossy Ibis - Plegadis faicinellus 
Occurrence in Study Area. PR, but sporadic in the study area. A colonist from the Old 
World, this ibis nested in Florida originally at Lake Okeechobee. By the 1970s, nesting 
in Conservation Area Three, and, more recently, attempting to nest in Taylor’s Slough, 
Everglades National Park (Dunstan 1978b). Migrations probably overfly Florida Bay 
and the general area, the species generally shunning marine conditions (J. Ogden, pers. 
comm. 1989, biologist, U.S. National Park Service). Can be seen at times foraging at 
Cape Sable and nearby tidal flats. CBCs, 1977 to 1987, from two points in the study 


area (Coot Bay-Everglades National Park and Kev Largo-Plantation Key: average yearly 
total 77; maximum yearly total 473; minimum, zero (two times). 


Seasonality. As in other ibises, nesting characterized by “opportunism” and not always 
predictable. Ibises disperse widely after breeding and exhibit pronounced nomadism. 


i . Fresh water and, to much lesser extent, marine wetlands. 
Nests in variety of trees: mangroves, buttonwood, Brazilian pepper, etc. Nests and 
roosts communally and with other wading birds. 
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Foraging. Much as in White Ibis. 


mangroves and Florida Bay mangrove islets (Frank Key, Cowpens, eic.). In 1986 and 
1987, Frederick and Collopy (1988) found that <2% of former numbers nested there. 
As with the Wood Stork, the White Ibis is apparently responding to changing habitats 


1987: average yearly total 2,835; maximum yearly total 8,353; minimum 1,309. 


Seasonality. An “opportunistic” species in nesting which can begin as early as March or 
be delayed to as late as September (Kushlan 1974). Numbers foraging around the Bay 
are unpredictable. 


. The species is adapted for wide habitat shifts. In South 


nesting colonies, birds have historically flown inland to forage in drying areas of Shark 

Valley sloughs and other freshwater tributaries of Florida Bay. Nest, twigs in forks of 
mangroves or bushes, sometimes of fibers in sawgrass; also on the ground. Eggs, 2 to 4; 

incubation, 22d; Nedges 5106 wk Colonial in nesting and usually with other species of 


Versatile. Usually in shallow water (10 cm) but also on beaches, lawns, etc. 
Visual or tactile. Sighted prey “plucked” from substrate. Variations of probing are: 


“groping” or moving agape bill along bottom of water; “plunging” agape bill into 
substrate, “spoonbilling-swinging” submerged agape bill from side to side through water 


column; “stationary-probing,” “step-probing,” and “multi-probing.” Frequently forage in 
small groups or in large flocks (Kushlan 1974). 


Prey/Food. Wide prey acceptability (Kushlan 1974). Diet emphasizes slow-moving or 
sedentary animals of the bottom and within aquatic growth; crustaceans, worms, insects, 
and, when abundant, small fish. 

Comments. Points of concern are: (1) the presently dwindling numbers in the southern 


part of Florida (Florida Bay and other places in the study area); (2) probers and pickers 
from mud and marine flats vulnerable to oil washes over these areas; and (3) social 


feeding increases vulnerability of the species to pollution. 
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b. Spoonbills 


Roseate Spoonbill - 4jaia ayjaya 
Florida Species of Special Concern (FGFWFC 1989) 


Bay-Everglades National Park and Key Largo-Plantation Key, numbers of birds from 
Lower Keys’ count negligible): average yearly total 335; maximum yearly total 802; 
minimum, 39. In CBCs from Coot Bay-Everglades National Park, Root (1988) found 
the second highest numbers along the Gulf coast. 


Powell et al. vol this bird. Al the the known historical and current information about the 


its peak of 1978 to 1979. Low reproductive success and therefore a low rate of 
recruitment continues. This is apparently correlated with the reduced freshwater input 
from the Everglades and lack of adequate food resources. 


Seasonality. September to October flocks arrive in east Florida Bay. Nesting November 
and December, young fledge February (Ogden 1978c). 


Habitat/Natural History. Largely coastal in Florida, frequenting mangroves, marshes, 
sloughs, etc. wherever pools in which small fish collect. Also feed in interior wetlands. 
Nests of twigs, in forks of mangroves. Eggs, 2 to 3; incubation, 24 d; fledge 35 to 42 d. 
Young not mature adults before 3 yr. Young and adults disperse March to April from 
Cape Sable area to Tampa Bay (Ogden 1978c). 


Foraging. Tactile. Walks through shallow water swinging head and neck from side to 
side, the spatulate-shaped mandibles slightly agape. Bill snaps shut reflexively when 
prey touched. This is a "medium" foraging depth species, with maximum foraging depth 
about 20 cm (Powell 1987). When water levels in Florida Bay are highest and too deep 
for foraging, spoonbills migrate from the Bay (Powell 1987). Much foraging at night 
(Powell 1987), 


Prey/Food. In Florida Bay, largely fish: Fundulus, Gambusia, Cyprinodon, and 
Mollienisia (Allen 1942). Crustaceans (Uca sp.) and insects also taken. 


Comments. The spoonbill population has recovered from its low point carly in the 
Century. Growth of the population has now ceased and once again begun to decline, 
this time as a result, apparently, of inadequate food supplies resulting from inadequate 
flow of fresh water from the Everglades. The spoonbill population is now stressed. Oil 
washing into feeding areas of nesting adults and/or of newly fledged young could 
provide a disaster to the population. What a dreadful tragedy in conservation annals it 
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would be were any considerable additional mortality to imjsact upon these birds -- 
mortality from pollution of the Florida Bay environment! Morcover, Florida 
Bay's spoonbills constitute a subpopulation of this species and it has “traditions” (where, 


Allen (1942) commented on dangers of oil drilling to this species and also noted that, 
under some circumstances, oil drilling and spoonbills need not be incompatible. 


3. Storks [Family Ciconiidac] 


Wood Stork - Mycteria americana 
Florida Endangered, USFWS Endangered (FGFWFC 1989) 


Occurrence in Study Area. PR. From 1967 to 1982, South Florida’s Wood Stork 
population decreased about 75% (Kushlan and Frohring 1986). The population has 
apparently shifted nesting northward into Florida, Georgia, South Carolina, etc. 
(Frederick and Collopy 1988). Altered hydrography has so changed seasonal water 
levels that there is inadequate available food at nesting time (Ogden 1985). Reduced 


available to foragers. Both in and out of nesting season, storks 
also mangroves and the peninsula's southern rim. CBCs, from three 
points within the study area, 1977 to 1987: average yearly total 221; maximum yearly 
total 693; minimum, 28. All but 3 of these birds were recorded from Coot 

Bay-E National Park. 


Seasonality. Nesting onset variable, being dependent upon falling-water levels in the 
Everglades drainage system. Nesting assemblages may form from November to 
January, and as late as mid-April (Frederick and Collopy 1988). Juveniles disperse 
widely. Some Uisds axe exnally qectsnt tn tho qonecel ence eutthde of Ge coun 
season. 


Habitat/Natural History. Freshwater, brackish, and marine wetlands of many sorts. 
Wades. Colonial, nesting in large rookeries. Nests of sticks, in high cypress trees or 
mangroves. Eggs, 2 to 4; incubation, to 32 d; young fledge 8 to 9 wk. 


Eoraging. “Walks slowly,” bill in water and slightly agape; when bill touched, snaps shut 
on prey. Often in groups, sometimes to belly in depth (S0 cm). If vegetation present, 
“foot stirs” above plant growth. Regularly uses thermals to ascend to altitude, then 
glides effortlessly, this repeated up to as far as 130 km (Ogden 1978a). 

Prey/Food. Chiefly small fish, 2- to 12-cm long; spectrum of aquatic animal life as well. 
Comments. Nesting rookeries usually sufficiently inland that oil penetration to them 
unlikely. Foraging birds along the mangrove fringe certainly vulnerable in event of spill. 
An d species, any unnatural mortality to the population is of concern. 


serious in view of this being a K species, with deferred maturity, 
long nest life of young, and extended parental care. 
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E. Waterfowl [Order Anseriformes, Family Anatidac] 
American Wigeon (=Baldpate) - Anas americana 


WR, MV. Many birds pass through South Florida via 
Et. cohaemn Galan CBCs, from three points within 
the study area, 1977 to 1987: average yearly total 691; maximum yearly total 1,730; 
minimum, 5. Of those recorded within the study area, none were found outside of Coot 
Bay-Everglades National Park. 


Seasonality. Begin arriving in October, arrivals peak in November, numbers decline 
rapidly in February and early March, most individuals gone by May (Bellrose 1980). 


Habitat. Winters in both freshwater and brackish areas. Coastal estuaries, mangrove 


Foraging. A dabbling duck, often “tipping”; also feeds from surface, thrusting head and 
neck into water. Robs Coots (Fulica americana), Canvasbacks (Aythya valisineria), and 
other diving ducks of food they bring to the surface. Jumps into flight. 


Predominantly plant material, stems and leafy parts of aquatic plants (not 
seeds); animal food (only about 6% in data presented in Howell 1932) includes msects 
and small molluscs. 


Comments. Potential vulnerability to oil as with other surface-feeding ducks. 


Occurrence in Study Area. MV, WR. Most of the population winters south of the U.S. 
Important migration corridors pass through Florida (Bellrose 1980), and part of the fall, 
winter, and spring birds in the study area are migrants pausing en route. Some 
individuals winter. CBCs, from three points within the study area, 1977 to 1987: average 
yearly total 2,064; maximum yearly total 5,610; minimum, 130. 


Seasonality. One of the earliest fall migrants, a few reaching Florida in late August 
(Howell 1932); numbers peak in November and most have departed northward by April, 
a few remaining into May (Bellrose 1980). 


Habitat. Primarily shallow waters fringing freshwater (to which partial), brackish, and 
coastal areas. Variable numbers forage along coastal mangroves, in mangrove lakes 
(Cuthbert, Coot Bay, etc.), and in bays, estuaries, and lagoons. Recorded at the Dry 
Tortugas. When not breeding, gregarious. Large flocks often gather to forage. 
Sometimes seen on the open ocean. Jumps into flight. 


Foraging. A dabbling duck but it does not “tip” as frequently as most dabblers, most 
often merely extending the neck and head into the water or feeding from the surface. 


Prey/Food. Largely plant material, seeds, stems and leaves; animal food: crustaceans, 
insects, and molluscs (Howell 1932). 


Comments. During the long period while migrants pass through the study area, 
extensive oil pollution could affect large numbers of these, thus reducing both wintering 
and breeding populations from large areas. During any winter month, this is the most 
abundant surface-feeding duck in the Everglades estuaries (Kushlan et al. 1982). 
Interestingly, of more than 200 banded Blue-winged Teal recovered in South Florida, 
85% had been banded in the Midwest. 
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Lesser Scaup - Aythya affinis 


Occurrence in Study Areg. WR, MV. Found throughout the peninsula’s freshwater 
areas and inhabits mangrove forests and lakes of the peninsula’s southern rim. Found 
over much of Florida Bay, Whitewater Bay, and Coot Bay, coastal marshes, inshore 
waters of the Southwest coast, and Upper Keys. Occasionally in Lower Keys (Greene 
1946). Bellrose (1980) speaks of Lesser Scaups “five to ten miles offshore” in the Gulf 
of Mexico. This is the most abundant wintering diving duck in South Florida (Kushlan 
et al. 1982). CBCs, from three points within the study area, 1977 to 1987: average 
yearly total 1,389; maximum yearly total 10,396; minimum, zero (one time). 


Seasonality. First migrants appear in October; numbers increase rapidly in November, 
peak in February, then diminish, declining rapidly in March; some linger into May 
(Bellrose 1980). Migration corridors lead to Florida from central Canada, 
Ohio-Michigan area, and the Atlantic coast. These continue into Cuba and points 
southward. 


Habitat. Estuaries, protected bays, mangrove lakes, and inshore waters to several 
kilometers offshore; and depths of 5 to 14 m (Bellrose 1980). May form large rafts of 
thousands (Palmer 1976a). 


Foraging. Dives; forages on the bottom and through the water column, most commonly 
at 5- to 8-m depths (Palmer 1976a). 


Prey/Food. In marine areas, majority of dict is animal material: gastropods, fish, 
shrimp, etc.; plant food largely seeds and pods of aquatic plants, varying with locality. 


Comments. The species’ abundance, its foraging underwater, rafting in flocks, etc. make 
this duck significantly vulnerable to oiled waters. 


Mottled Duck - Anas fulvigula 


Two subspecies of this duck occur in the southern U.S.: A. f. fulviguia., restricted to the 
lower two-thirds of the Florida peninsula and called by some, the Florida Duck; and A. 
f, maculosa found along Gulf of Mexico coastal areas from Louisiana into Mexico. 


Occurrence in Study Arca. PR. Interior and coastal wetlands. After breeding, there is 
some shifting about of the population by short localized movements (Stieglitz and 
Wilson 1968). Breeds sparingly in the coastal salt flats, meadows, marshes, sounds, and 
bays. The bulk of the State’s population is centered well north of the southern rim of 
the peninsula. CBCs, from three points within the study area, 1977 to 1987: average 
yearly total 94; maximum yearly total 538; minimum, 2. None of these ducks were 
recorded outside the Coot Bay-Everglades National Park arca. 


a Breeds February to July, but peak is March to April (Stieglitz and Wilson 
1968). 


Habitat. Coastal and interior wetlands. In the study area, it breeds and is found year- 
round within coastal salt meadows, marshes, mangrove lakes, bays, etc. (see Gusey 1981 
figs.: 5.5, 5.6, 5.7, 5.9). Bent (1923): parties of the birds are said to leave freshwater 
tt phe peng orate teen dec medpely mag: meg bese gi $s hy 
pools or coves near the 
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Foraging. A dabbling duck. 

Prey/Food. Stieglitz (1972) found freshwater and marine-foraging birds took quite 
different food in these situations, this varied seasonally in both areas. Plant food 
predominated. Animal food of coastal birds included gastropods, pelecypods, crabs, and 
insects. In brackish water, widgeongrass Ruppia maritima and spring naiad Naias 
marina are important. 


Comments. Oil drifting or washing into mangroves and coastal marshes could affect 
birds of these areas, particularly during nesting and immediately after when the adults 
are flightless during molt and young are not yet flying. 


Northern Pintail - Anas acuta 


Occurrence in Study Area) WR, MV. Many continue into the West Indies (Bellrose 
1980). Seasonally there are numbers at Whitewater Bay, Coot Bay, and other mangrove 
lakes, and in Florida Bay. CBCs, from three points within the study area, 1977 to 1987: 
average yearly total 2,716; maximum yearly total 13,189; minimum, 3. Of those pintails 
recorded, all were from Coot Bay-Everglades National Park area. 


Seasonality. Small numbers arrive in carly October, bulk in late October and carly 
November (Bellrose 1980). Largely gone from the State by end of March. 

Habitat. Brackish and marine situations of coastal areas. Florida Bay and the 
Southwest Coast. According to Bent (1923), seacoast-wintering birds “often spend day 
well out on ocean, flying in at night to feed in shallow tidal estuaries, on beds of Zostera 
or on mud and sand flats where the birds find plenty of small molluscs.” 


Foraging. Dabbles, “picks” from surface, and forages on land. 


Eood. A preponderance of plant material, seeds often emphasized; animal food: 
molluscs, worms, insects, etc. (Bellrose 1980). 


Comments. Vulnerable to oil as most ducks. 


coast; present at the Dry Tortugas. CBCs at Key Largo-Plantation Key area totaled 
1,000 birds in 1980 CBC. CBCs, from three points within the study area, 1977 to 1987: 
average yearly total 1,259; maximum yearly total 2,214; minimum, 622. 


Seasonality. October to May; arrivals peak in December. Northward movements begin 
in March (Palmer 1976b). 


Habitat. Common along mangroves of the mainland, particulariy in fairly calm waters 
of protected areas; but ranges into the inshore ocean off the Keys and Southwest coast. 
Usually runs into flight. Bathes much while swimming. Often rests ashore. 

Foraging. A diving duck, pursuing fish unde~-ater. Small prey are swallowed 
underwater; larger prey are swallowed °° rtace or above it (Palmer 1976b). 
Frequently in small groups and these | age “cooperatively.” 


Prey/Food. Mostly fish; some cru © as. 
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Comments. Vulnerability to oil is great for a swimming-diving species. W. Robertson 
(pers. comm. 1989) observed that aficr oil cntcred the Tortugas lagoon (1964), the 
wintering population of this bird there “disappeared.” Although this bird ts only a WR, 
it must be kept in mind that any significant mortality in South Florida will be reflected 
elsewhere on local breeding grounds. Clapp ct al. (1982b), noting that a substantial 
proportion of this bird's population winters in coastal marine habitats of the 
southeastern U.S., stated that development of petroleum resources in the Southeast 
presents “some hazard” to the stability of its populations in North America. 


Ring-necked Duck - Aythya collaris 


WR, MV. Within the study area, much as the Lesser 
Be FIG G teteethes entdier camber dacs Ae Maaganthed baquocts wastes 
situations to a lesser extent than fresh water (Howell 1932). Important migration 
flyways lead into Florida and continue southward. CBCs, from three points within the 
study area, 1977 to 1987: average yearly total 739; maximum yearly total 5,626; 
minimum, zero (one time). Of those ducks recorded from the cleven-year period under 
consideration, all were seen from the Coot Bay-Everglades National Park area. 


Seasonality. Migrants begin arriving in October. Numbers peak in late November, 
decrease rapidly in February, and are largely gone by mid-April (Bellrose 1980). 


Habitat. Much the same as for the Lesser Scaup. Brackish mangrove lakes arc 
frequented as are brackish-water lagoons. Bent (1923) wrote that individuals may spend 
the night on the ocean and come to fresh water by day. 


Foraging. A diving duck, usually more active in shallower water (often <2 m deep) 
than other diving ducks (Bellrose 1980). Runs into takeoff. 


Prey/Food. Primarily plant material, seeds, stems, leaves, tubers, ctc.; animal matcrial: 
snails, to a large extent (Bellrose 1980). 


Comments. Migrants passing into and out from the study area create the potential for 
large numbers to encounter oil pollution. 


F. Vultures, Hawks, and Falcons {Order Falconiformes} 


1, Vultures [Family Cathartidac] 
Black Vulture - Coragyps atratus 


Occurrence in Study Area. PR. Chicfly the mainland arcas, being “rare in the Keys” 
(Sprunt 1963). CBCs, from three points within the study area, 1977 to 1987: average 
yearly total 105; maximum yearly total 213; and minimum, 35 birds from the Coot 
Bay-Everglades National Park area. From the two other points (Upper and Lower 
Keys), a total of 2 birds was recorded during these 11 years! Clearly, this is a bird of 
the mainland margin of the study area and not of the Keys. 


Seasonality. Nests January to July. 
Nests on the ground, under palmetto clumps, a stump, or a 


Habitat/Natural History. 
log. Eggs, 2 to 3; incubation, 30 d; age at fledging not known. When not breeding, 
birds congregate at sunset at roosts usually in trees. 


Lop 


Appendix B: Species Profiles of Birds 


B-29 


Seasonality. Nests carly March into May. Influx of fall birds begins in October. Non- 
resident population has departed by May (Gaby 1982). 


the study area, 1977 to 1987: average yearly total 626; maximum yearly total 878; 
minimum, 450. 


Nests on ground, under palmettos, under tree-falls, in caves, etc. 


iy sediitan ater oath tates Gene bane 
much time in trees sunning. 


population is to be avoided. 
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2. Kites, Eagles, Hawks, and Allies [Family Accipitridac] 
a. Ospreys [Family Accipitridac: Pandioninac] 


Osprey - Pandion haliaetus 
Florida Species of Special Concern (Monroe County), CITES Il (FGFWFC 1989) 


America. These birds probably linger for varying periods. CBCs, from three points 
within the study area, 1977 to 1987: average yearly total 142; maamum yearly total 204; 
minimum, 91. 


Seasonality. Nests November into April. Migrants present September to November and 
March to April (Ogden 1978b). 


Habitat/Natural History. Trees, utility poles, and channel markers support the large 
nests of this species and afford the birds important outlooks. Nests along the Florida 
Keys, particularly the Upper Keys near the mainland, to the Marquesas; on mangrove 
islets within Florida Bay (along the northern rim of the Bay), and along the Southwest 

. Nests are bulky structures of sticks used for several years; linings of 
seaweeds and debris taken from shorelines or the water. Young hatch after 30 to 35 d, 
wk; immature until 2 yr. 


Foraging. Searches in flight for prey and “dives” from soaring or from hovering--from 
heights as great as 15 m. The plunge may carry a bird to a depth at which only wing 
tips are emergent. A fish is carried by both feet. 


Prey/Food. Almost exclusively fish, capturing “whichever species is most available” 
(Westall 1986). 
Comments. Osprey populations of the continent were much affected in the 1950s and 


1960s by pesticides, but have begun to stabilize and increase (Westall 1986). Declines in 
the Florida Bay populations are ongoing, however. Kushlan and Bass (1983a) 


: 
f 
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b. Kites, Eagles, and Hawks [Family Accipitridac: Accipitrinac] 


American Swallow-tailed Kite - Elanoides 
USFWS Under Review 5 (FGFWFC 1989) 


Occurrence in Study Arca. SR, rarcly WR. Mangroves of Key Largo and southern rim 
of the peninsula. Nests in black mangroves. Migrants from southeastern U.S. traverse 


the study arca in migration; recorded Dry Tortugas ia migration. Eleven years of CBC 
consis thom Give pulats withia the tady asea betucen 2977 and 1987 chewed uo binds 


present. 
Seasonality. February to October. Nests February to April. 

1 Mixed countryside including cypress and pine forests, 
Se Pees teas dns, conten, on Nests in tall trees including cypress, 
pines, mangroves, and casuarinas. Incubation, 28 d; fledges, 36 to 42d. Bathes and 
drinks while in flight. 

Foraging. Entirely while in flight; frequently cats while flying. 


Prey/Food. Particularly large flying insects, also lizards plucked from trees, birds and 
their eggs and nestlings, arboreal snakes, etc. (sce Bent 1937). 


Comments. Foraging method and dict remove this species from vulnerability to oil 


Bald Eagle - Haliaeetus leucocephalus 
Florida Threatened, USFWS Endangered, CITES | (FGFWFC 1989) 


Occurrence in Study Arca. PR, WR. South Florida breeding population is the largest 
in the State. Estimate of pairs within the study area: 51 to 59 (Robertson 1978), now 
somewhat smaller. Juveniles raay migrate north to castern Canada; older birds disperse 
locally after breeding. Presumably some northern birds enter the areas in winter. 
CBCs, from three points within the study area, 1977 to 1987: average yearly total 29, 
maximum yearly total 39; minimum, 21. 


Seasonality. Nests repaired carly fall, eggs as carly as October. Nests with eggs 
October to March. 


Habitat/Natural History. “Primarily near scacoasts, rivers and large lakes, breeding in 
tall trees..." (AOU 1983). Nests reused and added to cach year. Incubation, 45 d; time 


to fledging, 10 to 12 wk. 

Foraging. Varied: fish by “plunging” or “plucking” from surface; waterfowl seized on 
water or overtaken in flight; mammals seized from water or land; carcasses fed upon 
along shorelines. 


Prey/Food. Fish, birds (ducks, coots, cormorants, grebes, etc.), mammals, carcasses. 
Comments. Although King and Sanger (1979) list the OVI of this cagle as 58, which is 


their category of “watch to determine mortality and then take remedial measures,” 
ee eee ee ae Important considerations 


are: (1) concentration of breeding Bald Eagles in the Southeast (Green 1985); 
(2) the are concentrated about the Sea yak wpemadeptoge deny by 
foraging is principally for fish and aquatic birds; (4) cagles may get wet securing live 


seam, (2p Chay sondily Good on carcamen; 65) cogies wale lato & the water to bathe; (7) 
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some require six years to maturity; (8) not all adults breed each year; (9) any unusual 
mortality of a reduced population is serious; and (10) much public interest is directed 
towards this bird, the national symbol. 


Literature discussing effects of oil ingested by birds of prey in nature is lacking. From 
the Exxon Valdez oil spill, however, some preliminary information is available (Eagan 
1989). Exxon has 148 carcasses of Bald Eagles in cold storage. Not only were birds 
killed outright, but some suffered damage to the extent that they could not fly 
adequately, and others were said to have suffered blindness and infections. 


Broad-winged Hawk - Buteo platypterus 


Occurrence in Study Area. WR, MV. In the US., the largest wintering numbers are in 
South Florida, along the coasts and the Keys (AOU 1983). Root (1988) reported the 
densest CBCs concentration in the U.S. to be west of Key Colony Beach where a 
ten-year average of 0.37 was seen per party hour. CBCs, from three points within the 
study area, 1977 to 1987: average yearly total 17; maximum yearly total 33, minimum, 4. 
Some of the birds reaching Florida apparently continue in migration. Atherton (1981) 
reported kettling of the hawks over the Keys, and Howell (1932) reported large flocks 
over Key West. Primary wintering area of the species is Central America. 


Seasonality. Migrants and wintering birds, October to May. 


Habitat/Natural History. Fairly dense wooded areas. Mangroves and hammocks of the 
Keys are frequented. Open woodland infrequently. Soars at times during the day. 


Foraging. Usually watches from perches low down in the forest. Launches itself at 
prey. Changes positions in the woodland by flying amongst the trees. 


Prey/Food. Small mammals, snakes, lizards, large insects, and small birds. 


Comments. Although the wintering birds remain inconspicuous within dense growths, 
and oil vulnerability should be minimal, large migrating groups could be attracted to 
widespread numbers of weakened birds resulting from oil spills. 


Northern Harrier (= Marsh Hawk) - Circus cyaneus 
CITES II (FGFWFC 1989) 


Occur: nce in Study Area. WR, MV. Common migrant through the Keys (Greene 
1946). CBCs, from three points within the study area, 1977 to 1987: average yearly total 
24, maximum yearly total 41; minimum, 9. 


ity. Pulses of migration, September to October and February to March. 
Wintering birds and migrants, September to May. 


Habitat/Natural History. Marshes, coastal prairies, shorelines. Common at Cape 
Sable. 

Foraging. Entirely while flying; estimated may cover 160 km/d (Root 1988). Territory 
size in winter, about 1.6 km“ (Root 1988). Usually 7 to 10 m above ground, sometimes 
to 15 m. 


Prey/Food. Mammals to size of rabbits, birds to size of ducks, amphibians, reptiles, 
crustaceans, and insects. 
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Comments. Migration lines tend to follow the coasts; while migrants are in passage, any 
extensive areas with weakened or dying animals could attract numbers of harriers. 


Red-shouldered Hawk - Butco lineatus 


Occurrence in Study Area. PR. Throughout land areas including Keys and mangrove 
forests. Birds from extreme southern part of the peninsula have been considered a 


subspecies (B. /. extimus) which is paler and smaller than peninsular birds (B. /. alleni); 
both are distinct from B. /. lineatus of eastern North America (Brown and Amadon 
1968). CBCs, from three points within the study area, 1977 to 1987: average yearly total 
61; maximum yearly total 101; minimum, 35. 


Seasonality. Nests approximately January to March. 


Habitat/Natural History. According to Greene (1946), partial to hammocks on keys 
such as Big Pine and Sugarloaf. Common at Cape Sable, around Flamingo and 
mangrove forests in general. Nests on some large, non-mainline keys in Florida Bay, 
¢.g., Frank Key (Ogden 1974b). 


Foraging. Watches on perches both in the forest and exposed, from which it launches 
after prey. Nests well up in trees. Territorial. 


Prey/Food. In Florida: snakes, lizards, frogs, and insects (Howell 1932). 


Comments. Oil spill would have to be widespread to endanger large numbers of this 
well-distributed population. Note: resident birds represent the “tip” or termination of a 


peninsular gradient of recognizable morphological characteristics; thus, they are unique. 
Sharp-shinned Hawk - Accipiter striatus 


Occurrence in Study Area. WR, MV. Abundant during migration, dozens or hundreds 
a day passing along shoreline areas near Card and Barnes Sounds (Owre unpubl. data). 
Considerable numbers have been reported in fall at the Dry Tortugas. CBCs, from 
three points within the study area, 1977 to 1987: average yearly total 12; maximum 
yearly total 40; minimum, 6. Numbers of wintering birds, as indicated by these counts, 
are in contrast with the numbers present during migration. 


Seasonality. Migration pulses, October to November and March to Ap: i. Wintering 
birds and migrants, October to April. 


Habitat/Natural History. Virtually the entire landscape, particularly areas of scattered 
shrubs and trees; in winter, frequently in dense woodland such as hammocks and 


mangroves. 

Foraging. Prey rapidly pursued in maneuvering flight, often through woodland. 
Prey/Food. Almost entirely small birds, some mammals, lizards, and insects. 
Comments. Vulnerability in event of oil pollution probably slight unless numbers of 


weakened shorebirds along littoral areas coincide with periods of migrating hawk 
abundance. 
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Short-tailed Hawk - Buteo brachyurus 


Occurrence in Study Area. The entire North American populatios of this species is 
found in winter in South Florida; some of these birds are permanent residents and 
breed here, the remainder migrating to breed in Central and North Florida (Ogden 
1974a). The species is present, therefore, year-round about the perimeters of Florida 
Bay including the Upper and Lower Keys, to Key West and beyond. CBCs, from three 
points within the study area, 1977 to 1987: average yearly total 5; maximum yearly total 
10; minimum, zero. It is interesting to note that over the eleven years of the CBCs 
totaled here, 58 hawks were recorded from the Coot Bay-Everglades National Park 
area, none from the Upper Keys, and 7 from the Lower Keys. 


Seasonality. Non-nesting birds migrate into South Florida in October and return north 
in February. In South Florida, eggs laid March or April. Young fledged June. 


Habitat/Natural History. Nests and roosts in stands of large cypress, hardwoods 
bordering rivers, mangroves, pines, and other trees bordering sizeable prairies, marshes, 
etc. Soars at altitude during portions of the day. 


Foraging. Slow-soaring at medium to great heights. Prey captured by swift, often 
vertical dives into tree or bush canopies. 


Prey/Food. Predominantly small birds, e.g., Red-winged Blackbirds (Age/aius 
phoeniceus) and Eastern Meadowlarks (Stumella magna) commonly taken (Ogden 
1978d). 


Comments. The Florida population probably numbers no more than several hundred 
(Ogden 1978d); although the species occurs in Central and South America, migration 
between the two populations is not known. Since the birds are present year-round along 
the Florida Bay perimeter and since it is a bird-catching hawk, the potential for capture 
of weakened, oil-soaked, small birds exists. Since the Florida population is so small, any 
unusual mortality could be significant. 


Swainson’s Hawk - Buteo swainsoni 
USFWS Under Review 5 (FGFW °C 1989) 


262 


Occurrence in Study Area. WR. Open areas of the mainland and along the Keys. 
More than 40 years ago, Greene (1946) saw this hawk “almost every year in Key West 
and along some of the other Lower Florida Keys.” CBCs, from three points within the 
study area, 1977 to 1987: average yearly total 3; maximum yearly total 7; minimum, 
zero (three times). 


Seasonality. November to March. 
Habitat/Natural History. This large Buteo breeds on the North American prairies. In 
some years, large numbers of the birds appear in South Florida to winter. The writer 


recalls the winter of 1952 when hundreds were present in the farmlands around 
Homestead. 


Foraging. Birds perch on posts, hummocks of soil, or on the ground itself and watch for 
prey. 


Prey/Food. Small mammals, reptiles, insects, etc. 
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Comments. In most years, this hawk is not present in sufficient numbers to raise 
concern as to its potential to become oiled should it be attracted to an area of 
pollution-weakened or killed birds. 


3. Falcons [Family Falconidac] 
American Kestrel - Falco sparverius 


Southeastern American Kestrel - F. s. paulus 
Florida Threatened, USFWS Under Review 2, CITES II (FGFWFC 1989) 


Eastern American Kestrel - F. s. sparverius 
CITES Il (FGFWFC 1989) 


Occurrence in Study Area. WR. Two subspecies come under consideration here. The 
Southeastern American Kestrel (F. s. paulus) is the breeding subspecies of Florida and 
adjacent states. Its breeding population has largely disappeared from South Florida 
(Wiley 1978a). The Eastern American Kestrel (F. s. sparverius) breeds over much of 
the rest of North America and winters throughout South Florida, including the study 
area, in large numbers. F. s. paulus from north of South Florida may winter here but it 
cannot be reliably distinguished in the field. Kestrels are common throughout the Keys 
and west to the Tortugas; in fall migration, sometimes abundant on the Keys. All of 
South Florida has a high concentration of wintering birds, especially the Gulf coast from 
Naples to peninsula tip (Root 1988). CBCs, from three points within the study area, 
1977 to 1987: average yearly total 148; maximum yearly total 196; minimum, 95. 


Seasonality. October to April. 


Habitat/Natural History. Territorial in wintering area. The males select dense habitats 
or fringes of clearings; females, more open areas (Mills 1976). Often roosts in empty 
woodpecker cavities. 


Foraging. Sights prey from elevated perches, trees, utility poles and wires, and from 
hovering. Dives on prey. 

Prey/Food. Grasshoppers, other insects, small birds, and mammals. 

Comments. This small falcon is relatively safe from oil pollution mortality. 


Merlin (= Pigeon Hawk) - Falco columbarius 
CITES II (FGFWFC 1989) 


Occurrence in Study Area. WR, MV. CBCs, from three points within the study area, 
1977 to 1987: average yearly total 4; maximum yearly total 6; minimum, 1. These counts 
reflect the small wintering population of this falcon; much larger numbers are evident in 


Seasonality. Pulses of migration, September to October and late March to mid-April; 
wintering birds and migrants, September to April. 


Habitat/Natural History. In Florida, frequents seacoast, salt marshes, mangrove 
swamps, and edges of open woodlands; migrates along the entire chain of Keys 
including the Dry Tortugas (Sprunt 1962). 
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Foraging. Frequently perches on dead branches at the periphery of the mangroves from 
which it launches out directly after flying birds or makes wide sweeps over water or 
open ground, returning to perch if unsuccessful. Page and Whitacre (1975) described 
the species as taking prey on or just as they flush from the ground. At a California 
lagoon, one Merlin took a minimum of 268 shorebirds over a five-month period. 


Prey/Food. Small- to medium-sized birds. In the study area, songbirds, small 


Comments. The general population of this species is declining (Wiley 1978b); this is 
attributed to habitat modifications, pesticides, eggshell thinning from DDT, etc. (Cade 
1982). In the study area, when the falcons become concentrated, sandpipers and plovers 
rendered clumsy with oiled plumage might be taken. 


Peregrine Falcon (=Duck Hawk) - Falco peregrinus 


Arctic Peregine Falcon - F. p. tundrius 
Florida Endangered, USFWS Threatened, CITES I (FGFWFC 1989) 


Occurrence in Study Area. WR, MV. Of three North American subspecies, two are 
migratory: the Arctic Peregrine Falcon (F. p. tundrius) of Alaska, Canada, and 
Greenland (Stresemann and Amadon 1979) winters along the Gulf coast and to 
southern South America; the other, F. p. ananum, nested over much of the continent 
south of the tundra and was somewhat migratory, but was extirpated east of the 
Mississippi during the 1950s and 1960s (Craig 1986). Peregrines migrating through 
Florida and the study area are F. p. tundrius (T. Shirley, pers. comm. 1989, USFWS, 
Alburquerque, NM), the highly migratory subspecies. While the majority of these birds 
apparently migrate to the south or westward along the Gulf, it is possible that some 
remain as winter visitors. CBCs, from three points within the study area, 1977 to 1987: 
average yearly total 6; maximum yearly total 12; minimum, 3. 


Seasonality. September to May. 


Habitat/Natural History. Seacoasts, estuaries, bays, lakes, tree-rimmed marshes and 
prairies, and occasionally urban areas. Dead branches or other suitable lookout perches 
are requisite. Wintering birds are relatively sedentary and may be localized to a few 
square kilometers (Snyder 1978). 


Foraging. “Still-hunting” most frequent method of search: awaiting potential prey to fly 
into range for attack. Pursuing falcon dives or stoops at prey from above, striking it 
with closed feet. The disabled prey is now picked up from the land or from the water 
(Cade 1982). Effective foraging sites are at concentrations of prey-species. 


Prey/Food. Almost entirely birds; waterfowl, shorebirds, and gulls abundantly taken. 


Comments. See the discussion of this Endangered-Threatened species in the Dry 
Tortugas section. 
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G. Cranes and Allies [Order Gruiformes] 


1. Coots and Rails [Family Rallidac] 
American Coot - Fulica americana 


Occurrence in Study Area. WR. Abundant. CBCs, from three points within the study 
area, 1977 to 1987: average yearly total 2,513; maximum yearly total 14,379; minimum, 
78. 


Seasonality. October to April; peak numbers December to February In January and 
February, numbers have reached 35,000 and 36,000 in the area from Barnes Sound, 


along the coast and inland lakes north of Florida Bay, Cape Sable, Whitewater Bay, and 
bays of the Southwest Florida coast to Everglades City (Kushlan et al. 1982). 


Habitat/Natural History. Brackish bays and estuaries, mangrove lakes (see above). 
Congregates in flocks; runs into takeoff, its wings and feet splashing the surface. Noisy. 
Associates with ducks. 
Foraging. (1) Dabbles, neck immersed while “tipping” as ducks; (2) dives from 


swimming position; and (3) stands on muck or other substrate and “plucks from 
surface.” Often rafts into large flocks (1,000+) while foraging. 


Prey/Food. Largely plant material: Chara (musk grass), other algac, underwater plants, 
grass and grains, and aquatic insects. 


Comments. Oil washing into the northern reaches of Florida Bay and among the 
Southwest Florida coast could cause heavy mortality in this population as well as 
compromise wintering grounds for it and several species of ducks. 


Clapper Rail - Rallus longirostris 
Florida Clapper Rail - R. /. scottii 


Mangrove Clapper Rail - R. /. insularum 
USFWS Under Review 2 (FGFWFC 1989) 


Occurrence in Study Arca. PR. Ripley (1977) considers the Clapper Rail conspecific 
with the King Rail (Railus elegans); the AOU (1983) regards the two distinct. The King 
Rail is found in freshwater marshes inland of the Sheen | Rail’s brackish/saline 
habitats. The King Rail is not considered in this report. 


Two described subspecies of the Clapper Rail occur in the study area: the Florida 
Clapper Rail (R. /. scottii) breeds along southwest and southeast Florida coasts (Kale 
1978), while the Mangrove Clapper Rail (R. /. insularum) breeds along the Florida Keys 
pnd. probably present at some point along the southern rim of the peninsula (Owre 
1978d). 


Seasonality. Breeding March to June, possibly longer. 


Habitat/Natural Hist~ry. Coastal, estuarine, and mangrove swamps. According to 

Ripley (1977), Clapper Rails i in Delaware occur where salinities are 7.8 to 5.7 ppt; both 
Clapper and King Rails are found between 5.7 and 3.7 ppt; and King Rails occur where 
salinities are less than 3.7 ppt. 
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Foraging. Walk and run through mangroves, marshes, across exposed tidal flats, etc. 
Pick and probe for food. Diurnal, crepuscular, nocturnal. 


Prey/Food. Largely invertebrates: arthropods (fiddler crabs and other crabs of the 
mangrove forest floor), molluscs, insects, and small fish. 


Comments. No avian species is more characteristic of the mangiove habitat than this 
rail. Two distinct populations of the species are present in the study area, one of them 
restricted there. King/Clapper habitats throughout the country have been much 
reduced, and hunting and pesticides have taken their toll (Root 1988). An extensive oil 
spill easing into the mangrove shorelines of Florida Bay, the Keys, and the Southwest 
Florida coast would be tragic insofar as the population of this inhabitant of the 
mangrove forest floor is concerned. 


Sora - Porzana carolina 


Occurrence in Study Arca. WR, MV. CBCs, 1977 to 1987: a total of one bird was 
recorded from the Lower Keys; no birds were recorded from the Upper Keys; a total of 
3 individuals were recorded from the Coot Bay-Everglades National Park area, or an 
average of 3 birds/yr. 


Seasonality. August to April. 


Habitat/Natural History. A wide range of marsh habitats. Primarily a freshwater 
marsh bird, the Sora will enter estuarine and other tidal marshes as well as mangrove 
swamps (Cramp et al. 1980). 


Foraging. Walks on damp ground or wades in shallow wate: in muddy areas. 


Prey/Food. Seeds, other plant materials. snails, insects, and a wide variety of 
invertebrates. 


Comments. Wintering population in brackish areas probably small. 


2. Cranes {Family Gruidac] 


Florida Sandhill Crane - Grus canadensis pratensis 
Florida Threatened, CITES Il (FGFWFC 1989) 


Occurrence in Study Arca. PR. *...care resident of extreme southern Florida...a 
minimum of about two dozen occur in Everglades National Park and the Big Cypress 
National Preserve” (Kushlan 1982). Florida subspecies sedentary. CBCs, 1977 to 1987, 
recorded these birds but once, a total of 14 from the Lower Keys! 


Seasonality. Breeding dependent on water levels, therefore variable; usually February to 
April, as early as December (Walkinshaw 1949). 


Habitat/Natural History. Freshwater marshes near interface with coastal mangrove 
swamp (Kushlan 1982). Birds move about with seasonally-changing habitat conditions. 
Nesting sites traditional. Nest, a mound of aquatic vegetation usually grounded in 
shallow water. Adults build “accessory nests” of dry grass for young to rest on by day 
and for brooding at night (Layne 1981). Eggs, 2; incubation, about 30 d; young walk at 
hatching and follow parents; fledge about 90 d (Walkinshaw 1949); remain with parents 
until next breeding season. Gather together at “roosting lakes” from which they fly to 
feeding grounds in morning. Swim. 
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Foraging. While walking. In marshes, meadows, pasture, pinclands, etc. “Pick and 
probe.” Larger objects are “threshed” with bill and feet. 


Prey/Food. Aquatic plants, rootlets, berries, seeds, grain, worms, grasshoppers, and 
small vertebrates. 


Comments.- Although the cranes are essentially freshwater in habitat, nesting areas in 
South Florida are close to the mangroves along both the southwest and southeast coasts. 
There is room for a degree of concern about this population. 


H. Shorebirds {Order Charadriiformes] 
i. Plovers [Family Charadriidac] 


Occurrence in Study Arca. MV, WR. Common. Keys’ shorelines to Marquesas and 
Dry Tortugas. Root (1988) noted a peak of abundance from CBCs around Naples. 
CBCs, from three points within the study area, 1977 to 1987: average yearly total 1,552; 
maximum yearly total 4,767; minimum, 642. 


Seasonality. Fall migration peaks, September to October; spring, mid-April to mid-May; 
many in intervening months. A few remain all summer, but do not nest. 


Habitat/Natural History. Nests on the Arctic tundra. In winter, intertidal zone to great 
extent, but upper beach and even grassy places. Gregarious with other shorebirds. 
Flocks of own species never large. 


Foraging. Frequently near the tide line, frequents mudflats, mangrove shorelines, 
channels in mangroves, etc. Foraging emphasizes “runs,” “pauses,” and “pecks.” Also 
feeds at night (Burger 1984). 


Prey/Food. Crustaceans, molluscs, insects, and other invertebrates. 
Comments. Vulnerability to oiled beaches considerable. Critical periods regarding oil 
danger probably during migration peaks. 


Occurrence in Study Area. PR, WR, MV. In winter: open spaces of the peninsula and 
Keys. Beaches of the Keys to the Tortugas. Numerous. Far fewer in summer. 
Expansion of summer range into southern Florida recent (Kushlan and Fisk 1972); in 
summer, birds appear more numerous around freshwater areas. CBCs, from three 
points within the study area, 1977 to 1987: average yearly total 176; maximum yearly 
total 805; minimum, 39. 


Seasonality. Wintering birds, October to March. 


Habitat/Natural History. Shores of lakes and ponds, coastal prairie, coastal areas such 
as Cape Sable, levees, improved and filled land in urban-suburban areas, etc. Nest, a 
depression in ground lined with dried grasses and bits of shells and other oddments, 

usually near water. Young precocial, leaving nest at hatching. Incubation, 28 d; age at 
flight, estimated 40 d. 


Foraging. Characterized by short “runs” and head bobbing; “picks” prey from surface. 
In winter, often in small groups. 
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Prey/Food. Invertebrates, insects (¢.g., bectles, grasshoppers, and dragonflies in 
particular), crustaceans, worms, etc. 


Comments. Considering its partiality to inland areas, probably not as vulnerable to 
oiling as other shorebirds of the areas. 


Piping Plover - Charadrius melodus 
Florida Threatened, USFWS Threatened (FGFWFC 1989) 


Occurrence in Study Area. WR, MV. Of the estimated 4,500 remaining in North 
America (Haig and Oring 1987), the proportion that winiers in Florida is not known; 
Woolfenden (1978b) estimated that not more than several hundred winter in the state at 
large. Occurs in the study area on Keys’ beaches, Cape Sable beaches, and beaches in 
southern part of Collier County (Woolfenden 1978b). According to A. Sprunt IV (pers. 
comm. 1989, National Audubon Society, Tavernier), small numbers winter on Keys’ 
beaches. CBCs, from three points in the study area, 197 'o 1987, show a distribution 
as follows: a total of 12 birds from the Coot Bay-Everglades National Park area; no 
birds from the Upper Keys; and a total of 51 birds from the Lower Keys, or an average 
of <5 birds/yr; from the latter area, maximum yearly totals of 14 and 12 were obtained 
in 1986 and 1987, respectively. 


Seasonality. July to May. 
Habitat/Natural History. Beaches, tidal sand flats, mud flats, and sand fills. 


Foraging. In loose flocks; as typical of plovers: runs, stops, looks around, and then picks 
up prey from substrate. Also feeds at night (Burger 1984). 


Prey/Food. Marine worms, molluscs, crustaceans, beetles, and other insects. 


Comments. In consideration of its Threatened status, oil-washed beaches a serious 
threat to the few individuals of this species. 


Semipalmated Plover - Charadrius semipalmatus 
Occurrence in Study Area. WR, MV. A few non-breeding birds in summer. Sandy 
beaches, estuaries, and tidal flats along the mainland and the Keys. CBCs, from three 


points within the study area, 1977 to 1987: average yearly total 316; maximum yearly 
total 494; minimum, 191. 


Seasonality. July to May. 


i i . Breeds on Alaskan and Canadian tundras. In wintering areas, 
partial to mudflats and intertidal zones. Gregarious with own and other species. 


Foraging. Runs, head up, then dabs at substrate; “snatches and probes." 
Prey/Food. Invertebrates: molluscs, crustaceans, aquatic insects and their larvae. 


Comments. A common wintering and migrating plover of the study area. Considering 
its habits, oiling is a threat to individuals of the species. 
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Snowy Plover - Charadrius alexandrinus 


Southeastern Snowy Plover - C. a. tenuirostris 
Florida Threatened, USFWS Under Review 2 (FGFWFC 1989) 


Oscarrcace m Stady Acs. PR. There are two North American subspecies, a western 
form (C. a. nivosus) and the Southeastern Snowy Plover (C. a. tenuirostris) (also called 
the Cuban Snowy Plove) which breeds on the Gulf coas south to Marco land (ust 
—_< the study area) and “probably the Florida Keys" (AOU 1983). Numbers are 

very small, Woolfenden (1978a) suggesting <100 pairs. T. Below (pers. comm. 
1989, warden, National Audubon Society} found "a very few’ nesting on northwest 
Marco Island in 1989. In winter, found on the Atlantic coast of Florida to Merritt 
Island (AOU 1983). CBCs, 1977 to 1987, recorded this plover only twice: one bird from 
the Coot Bay-Everglades National Park area in 1978, and one bird from the Lower Keys 
in 1987. 


Seasonality. Present year-round. Breeds March to July (Howell 1932). 


Habitat/Natural History. Dry, sandy upper beaches for breeding. Nest, a scrape in 
sand, lined with bits of shells; eggs, 3. 


Foraging. Forage in typical plover fashion on both upper dry beaches and intertidal 
beaches where sand being moved about (Woolfenden 1978a). Pats the ground with a 
foot to disturb prey (Root 1988). 


Prey/Food. Crustaceans, molluscs, worms, insects, and other invertebrates. 


Comments. Any mortality from oil-washed beaches would be serious in this small 
population of a Threatened species. 


Wilson's Plover - Charadrius wilsonia 


Occurrence in Study Area. SR, WR, MV. Wintering population apparently small. 
More northern and local breeding populations move south of Florida in winter. In 
migration and in summer, along sandy beaches of mainland and Keys; they are a 
common sight along the Lower Florida Keys during the summer months (Hundley and 
Hames 1960). From CBCs, Root (1988) found the aighest winter concentration in 
Florida on northern Keys. CBCs, from three points within the study area, 1977 to 1987: 
average of yearly totals 59; maximum yearly total 133; minimum, 3. 


Seasonality. Migration peaks, September to October and February to March. Breeds 
March to July. 


Habitat/Natural History. Sandy areas and tidal flats. Nests well up on beach, 
sometimes in loose colonies. Nest, a scrape, usually near tuft of vegetation. Eggs, 2 to 
4; incubation 25 d; young, ambulatory at hatching; time to fledging unknown. Swims. 


Flight “rapid, elegant, protracted" (Bent 1929). 
Foraging. “Stands and watches,” runs in pursuit of prey. Diurnal and nocturnal. 


Prey/Food. Invertebrates: marine worms, small molluscs, shrimp, fiddler crabs, insects, 
etc. 


Comments. Wintering, migrating, and nesting along beaches in the study area, numbers 
of this plover will be affected to a greater extent than many shorebirds by oiling of the 
beaches. 
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2. Oystercatchers [Family Hacmatopodidac] 


American Oystercatcher - Haematopus pailiatus 
Florida Species of Special Concern (FGFWFC 1989) 


Occurrence in Study Area. WR, PR, both very locally. Caxambus Pass, Marco Island, 
ats Gab coed elias Gettieeect of Caso Remane, Case Silla, dloun Flasiie Ger Rave. 
CBCs, in three localities of the study area, 1977 to 1987 (11 years), recorded on only 
one occasion: a total of 2 birds. 


Seasonality. Numbers increase slightly in fall, decrease in spring. A few present at all 
seasons, but breeding not yet known within the study area. Breeding elsewhere in 
Florida, March to June. According to T. Below (pers. comm. 1989), found on sand 
islets and reefs southwest of Marco Island; in winter, about 150; in summer, about 15. 


Habitat/Natural History. Sandy beaches of bays, coasts, islands, sandy humps, mud 
flats, and mollusc beds at low tide. Small flocks, in winter; immatures under three years 
segregated from adults. Eggs, 2 to 3, deposited in sandy depression of high beach. 
Incubation, about 27 d; said to fly at 5 wk. Leave nest site at hatching and follow 
parents. Young fed by parents for long period. Swim well. Much resting (at high 
tides), while sitting or standing on onc leg. 


Eoraging. Dependent on tidal cycle. Harvest raccoon oysters and clams as tide exposes 
them. Specialized techniques for extracting molluscs from shells. 


Prey/Food. Molluscs, crustaceans (fiddler crabs), limpets, marine worms, ctc. 


Comments. The small and very localized population is at real hazard if mollusc beds 
are washed by oil. Oiled beaches where birds loaf, roost, and also forage, would be a 
serious threat. 


3. Avocets and Stilts [Family Recurvirostridae] 
American Avocet - Recurvirostra americana 


Occurrence in Study Area. WV. Migrants from western states winter at Cape Sable 
area and at three extra-study-area sites in Florida; entire State population estimated at 
500 (1970 to 1974) (DeGrange 1978). CBCs, 1977 to 1987, from Coot Bay-Everglades 
National Park, recorded avocets nine times: lowest count 5, highest 687, average 354 


Seasonality. Arrives September to October, departs March to May. Not known to 


Habitat/Natural History. Prefers saline/alkaline areas to fresh water (Hamilton 1975), 
and shallow water over muddy/marl substrates, mudflats. When not foraging, much 
time resting, often on one leg. Highly social. Swims. 


Foraging. Versatile; sexually dimorphic in bill shape. Bill specialized for gathering 
ssdecston® “posed” tnorinn” “comapion ‘Shedhe Methods: | rape A per 
“plunging,” “bill pursuit,” “filtering,” scything,” “dabble scything” while 
“tipping” during swimming, and Bop scything” (see Hamilton 1975). Foraging, both 
visual and tactile. Swinging of head and bill from side to side as in Roseate Spoonbill. 
Often forages in groups and cooperatively (Palmer 1968). 
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Prey/Food. Aquatic insects, their larvac, crustaceans, cic. 


Comments. Varied foraging methods, many of them functional only while wading. 
Suggest this small concentrated wintcring population is in jeopardy if the coastal 
environment is oil-polluted. 


Black-necked Stilt - Himantopus mexicanus 


Occurrence in Study Arca. SR, WR rare. Mangrove areas, brackish, and freshwater 
areas inland. Entire southern and southwest rim: of peninsula. Cape Sable. CBCs, 
from three localities in the study area, 1977 to 1987, recorded the species 15 times: 
average count 24 birds/recording, low count onc, high count 106; only five recordings 
outside Coot Bay-Everglades National Park area. 


Seasonality. February to October. Breeds April to June. 


Habitat/Natural History. Freshwater wetlands; along the coast, shallow pools, 
mangrove lakes, shallow lagoons with muddy shores, brackish water marshes, and 
marine shores (Palmer 1968). Nests ncar watcr, usually near grasses or short growth. 
Nests on ground, sometimes with debris scraped into heap. Incubation, estimated 25 d; 
time to flying, 28 d (Palmer 1968). 


Eoraging. By wading or walking on muddy, marly substrates. Objects, frequently 
terrestrial insects, grabbed with jab of bill. Plunging entails reaching for prey at depth, 
— Snatching is employed with flying insects. (For foraging, sec 


Prey/Food. Emphasis on insects, both terrestrial and aquatic; also small molluscs, 
crustaceans, worms, and fish. 


Comments. Freshwater emphasis by a large part of this population mitigates hazards of 
oil pollution to this species. 


4. Sandpipers and Allies [Family Scolopacidac:Scolopacinac] 


Dunlia - Calidns alpina 
(Red-backed Sandpiper; Black-bellied Sandpiper) 

Occurrence in Study Arca. WR, MV. CBCs, from three points within the study arca, 
1977 to 1987: average yearly total 2,775; maximum yearly total 5,360; minimum, 782. 


Seasonality. Migration pulses, September to November and March to April; wintering 
birds and migrants, September to May. 


Habitat/Natural History. Breeds on the tundra. In winter, beaches, tidal flats, exposed 
oyster recfs, margins of levees, cic. Page and Whitacre (1975) found this species to be 
the chief shorebird taken by avian predators during winter at a California lagoon. 


Eoraging. Usually in spread-out flocks moving briskly (Palmer 1968). Baker and Baker 
(1973) called Dunlins “generalists” in foraging. 


Prey/Food. Small molluscs, small crustaceans, insects and their larvae, marine worms, 
seeds of aquatic plants, etc. 


Comments. Habitat and foraging methods place this species at hazard in the event of 
oil-polluted intertidal zone. 
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Greater Yellowlegs - Tringa melanoleuca 


Occurrence ‘a Study Arcg. WR, MV. A few present all year. Shallow waters and 
mudflats along coasts of the mainland and Keys to the Dry Tortugas. Marshes, lagoons, 
and pools of the interior. CBCs, from three points within the study area, 1977 to 1987: 
average yearly total 98; maamum yearly total 222; minimum, 59. 


Seasonality. Migration pulses, March to April and July to October, wintering birds and 
migrants, August to May. 


Habiiat/Natural History. Breeds on the tundra and muskeg. Migrants move to 
southern North America, the West Indies, and South America. Associates in small 
flocks of 10 to 20. Wary. Flight strong and rapid. 

Foraging. Bill 50 to oS mm. “Walks and wades" to belly, usually in small; : uy s. Tilts 


body to “pick up” prey. Plows water surface, with mandibles agape. Swing _.. from 
side to side through water. Runs after mobile prey. 


Prey/Food. Invertebrates: molluscs, crustaceans, and insects. Small fish. 


Comments. Threat to this species from oil-polluted waters is less than with species that 
winter in larger numbers and occur in flocks with greater numbers of individuals. 


The Lesser Yellowlegs (Tringa flavipes), not considered here, is also present in the study 
area as a WR and MV. The two species commonly occur together in the same habitats. 
The Lesser usually occurs in larger flocks. 


Least Sandpiper - Calidris minutilla 


Occurrence in Study Arca. WR, MV. Common on beaches and tidal flats all around 
Florida Bay, the Lower Keys, and the Southwest Florida coast. CBCs, 1977 to 1987, 
from three points within the study area: average yearly total 3,792; maximum yearly total 
8,454; minimum, 322. 


Seasonality. Migration pulses, July to October and April to May, wintering birds and 
migrants, July to May. A few, probably non-breeding birds, present all summer. 


Habitat/Natural History. Breeds on the tundra near water. In winter, ocean beaches, 
intertidal areas, shores of ponds and lakes, and even flooded fields. Gregarious, often in 
flocks of mixed species. 
Foraging. “Picks up" and “probes.” 
Prey/Food. Marine invertebrates: worms, molluscs, crustaceans, etc. 
Comments. Oiled intertidal zones would result in heavy mortality of wintering and 
— ay 
Marbled Godwit - Limosa fedoa 


Occurrence in Study Arca. WR, MV. C&Cs, 1977 to 1987, from Coot Bay-Everglades 
National Park area: average yearly total 102; maximum yearly total 390; minimum, 3. 

Fewer numbers recorded from Key Largo and Lower Keys, although 287 recorded on 
one count from Lower Keys. 
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Seasonality. Migration pulses, July to October and March to May, wintering birds and 
migraets, July to May. 

. Breeds on prairies of Canada and northern U.S. In winter, 
frequents mudflats, beaches, margins of lagoons, estuaries and bays (particularly oyster 
reefs at low tide), and tidal flats. Social, ofien in groups of a few to 40. 


Foraging. One of the largest shorebirds, with a long bill (10 to 13 cm), probes in mud 
and on oyster reefs. 


Prey/Food. Molluscs, crustaceans, worms, and other invertebrates. 


Comments. This large bird, foraging on exposed tidal arcas and in shallow watcr, would 
be at considerable hazard from oil-polluted littoral areas. 


Red Knot - Calidris canutus 


Occurrence in Study Arca. WR, MV. A migrant and a winter resident. Beaches, 
particularly the intertidal zones, of the entire study area. CBCs, from three points 
within the study arca, 1977 to 1987: average yearly total 58, maximum yearly total 117; 
minimum, 6. 


Seasonality. Migration pulses from U.S. in general, July to October and April to May. 
Generally absent from North America from February to mid-March (Harrington 1986). 


Habitat/Natural History. This, the largest of the true sandpipers, breeds in the central 
Canadian Arctic and winters in far southern South America. According to Harrington 
(1986), this is the longest bird-migration route known. Few stops are made en route; 


one segment 3,200- to 4,800-km long is accomplished in a non-stop flight. 


Foraging. Usually in flocks; individuals closely spaced. These move at a rapid pace. 
Foraging birds step rapidly, then pause, probe several times in the sand or mud, and 


Prey/Food. Invertebrates: worms, molluscs (Donax sp.), crustaceans, insects, etc. 


Comments. Considerable numbers of knots (15,000 - see Harrington [1986]) winter 
coastwise between St. Petersburg and Naples, immediately north of the study area. It is 
not clear what proportion of this population may range to Marco Island beaches and 
beaches of the Southwest Florida coast. Nor is it clear as to how many migrants may 


certainly vulnerable to beach oiling. Ultimate effect on the North American breeding 

population of this species could be a considerable reduction in numbers. 

Occurrence in Study Arca. WR, MV, some immatures SR. CBCs, from three points 
within the study area, 1977 to 1987: average yearly total 319; maximum yearly total 549, 


minimum, 231. Larger numbers from the Lower Keys than from Upper Keys or Coot 


Bay-Everglades National Park. Immature birds may stay on wintcring grounds their 
first summer. 
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Seasonality. Migration pulses, March to mid-April and August to September; wintering 
birds and migrants, August to April. 
Habitat/Natural History. Breeds on the tundra and in varied boreal situations. Winters 
on or near the intertidal zone and on exposed flats with hard substrate. 


Foraging. Food gathered from surface, pulled from sand, or exposed when pebbles and 
shells are overturned by bill. Occasionally digs holes while searching beaches. Usually 
in company with other turnstones and/or other species. 


Prey/Food. Molluscs, crustaceans, worms, and other invertebrates. 
Comments. Oil washing through intertidal zone will be hazardous to this species. 
Sanderling - Cai.dris alba 


Occurrence in Study Area. WR, MV. Difficult to estimate numbers passing during 
migration. CBCs, from three points within the study area, 1977 to 1987, a total of 1,792 
individuals for an average yearly total of 54; maximum yearly totals: 462 and 446 at Coot 
Bay-Everglades National Park; minimum counts of 15 and 7; no birds on one count. At 
Naples (just north of the study area), and probably representative of Southwest Florida 
coast beaches, counts as high as 895 recorded. 


Seasonality. Fall m‘grants, August to October; spring, March to May, wintering birds 
and migrants, August to May. Some non-breeding birds remain all summer (Palmer 
1968). 


. Breeds High Arctic; of all shorebirds on coasts of North 
America, most widespread. Sandy beaches and shorelines. Imprinted to wintering sites 
to which individuals return (Myers 1988). Preyed upon by raptors (Page and Whitacre 
1975). 


Foraging. Along incoming or receding tide lines. Usually in flocks of ten or more. 
“Snatches and probes.” Probing, by series of jabs. Picks up variety of food items 
washing ashore. Searches Sargassum washing ashore for prey. 


Prey/Food. Principally, sandy-shore crustaceans, e.g. Emerita sp. (the mole crab) 
(Myers 1988). Also small molluscs, polychaete worms, amphipods, ostracods, etc. 


Comments. According to Myers (1988), there has been a drop in population of 80% 
since 1972, while other shorebird species declined on the average of only 44%. Habitat 
protection looms as critical for this species. Chemical spills during migratory periods 
can be serious, and wintering populations can be severely reduced, the “traditions” of 
returning to specific wintering areas being compromised. 


Semipalmated Sandpiper - Calidris pusilla 


Occurrence in Study Arca. WR, MV. Sandy beaches and tidal flats. CBCs, from three 
points within the study area, 1977 to 1987: average yearly total 167; maximum yearly 
total 837; minimum, zero. Morrison (1984) called this species the most numcrous small 
sandpiper i in eastern North America during migration; the species winters in northern 
South America. According to Morrison (1984), this species is one of several that 
migrate directly south from Atlantic coastal points north of Florida; in spring, this 
species takes a more westerly migration route northward and thus makes landfalls along 
southern coastlines of the U.S. These CBCs, of course, do not reflect spring 
abundances of this species in the study area. 
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Seasonality. Pulses of migration, July to October and April to May, wintering birds and 
migrants, July to May. 


. Breeds on the tundra. Winters along intertidal zone, and on 


mudflats and beaches. 


Foraging. Snatches from surface and probes into soft substrates. Baker and Baker 
(1973) found that the most common foraging method on Florida Bay wintering grounds 
to be “pecking” and no “probing.” 


Prey/Food. Mostly aquatic insects and their larvae as well as small molluscs, 
crustaceans, and seeds. 


Comments. Habitat and foraging methods place this species at hazard in the event of 
oil-polluted intertidal zone. 


Short-billed Dowitcher - Limnodromus griseus 


Occurrence in Study Area. WR, MV. Shorelines, tidal flats, and swamps of the 
mainland and Keys. Many migrants pass through to winter in the West Indies and 
South America. CBCs, from three points within the study area, 1977 to 1987: average 
yearly total 3,082; maximum yearly total 4,904; minimum 1,707. Among the most 


abundant wintering scolopacids. 


Habitat/Natural History. Breeds on the tundra. In winter, shallow water within tidal 
areas or, less commonly, in freshwater wetlands. Muddy substrates preferred. As with 
many scolopacids, congregates at high tide to doze on the high beach, rocks, or debris. 
Very large flocks may gather at traditional stop-over places in migration. 


Foraging. Bill, 50 to 70 mm. Probes in mud, sand, and drift-line seaweed. Wades. 
Follows dropping tidal water. Swims. May submerge head while probing. 


Prey/Food. Invertebrates: worms, molluscs, crustaceans, insects and their larvae, etc. 


Comment. Considering foraging--in flocks and probing while wading in shallow water at 
dropping tide--vulnerable to oil pollution along beaches and in estuaries. Large flocks 
at migration periods accentuate this vulnerability. 


The Long-billed Dowitcher (Limnodromus scolopaceus), not considered here, also 
occurs in the study area as a WR and MV. It is said to prefer freshwater areas, 
whereas the Short-billed Dowitcher prefers brackish and marine areas. Both frequently 
occur together in either habitat. Some individuals are not easy to tell apart, and, 
therefore, field counts are not always accurate; in some CBC tallies, the two species are 
not differentiated, but are referred to as “Dowitcher sp." Such counts are not tallied in 
the CBCs given here, so these counts may be low. 


Western Sandpiper - Calidris mauri 


Occurrence in Study Arca. WR, MV. Throughout the study area, on shorelines and 
tidal flats. CBCs, from three points within the study area, 1977 to 1987: average yearly 
total 3,405; maximum yearly total 19,102; minimum, 343. Of the three areas of counts, 
the Coot Bay-Everglades National Park count was in all 11 years, the largest of the 
three, a reflection of the areas of tidal flats there. 


Seasonality. July to November and April to June. Wintering birds and migrants, July to 
June. 
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Habitat/Natural History. Breeds on coastal tundra of Alaska and northeast Siberia. 
Winters Pacific coast and the Atlantic coast from North Carolina southward to the West 
Indies and South America. Wintering habitat emphasizes mudflats, beaches, and, when 
inland, littoral areas, flooded agricultural lands, etc. With rising tides, these sandpipers 
rest in flocks at higher elevations of the beaches. Along with others of the smaller 
species, often feed on semi-flooded marl prairies west of Flamingo. There, dense flocks 
of these sandpipers, wheeling low over the landscape, are noteworthy. 


Foraging. Feeds, in association with other small shorebirds, as the tide turns; the 
sandpipers follow the receding tidal line, in small to large flocks. Often feed with head 
in water. In Peru, Ashmole (1970) found that Western Sandpipers probed 70% of the 
time when in company with Scmipalmated Sandpipers (which only probed on 21% of 
foraging bouts). 


Prey/Food. Invertebrates: worms, molluscs, crustaceans, insects and their larvae, etc. 


Comments. On the basis of CBCs, this is one of the most abundant small sandpipers 
wintering/migrating through the study area. Of all the smaller sandpipers, the Western, 
by virtue of its foraging along the receding tidal line, submerging its head and extracting 
food from the mud yet to be exposed, would be in real jeopardy in the event of oil- 
polluted foraging grounds. The large numbers of the birds emphasize serious 
consideration of this threat. 


Willet - Catoptrophorus semipaimatus 


Occurrence in Study Area. PR?, SR, WR, MV. Species continuously present. 
According to Palmer (1968), breeding birds of the southeastern U.S. depart after 
breeding, and northern migrants from western U.S. replace them; some pre-breeding 
birds of western U.S. populations remain all year. CBCs, 1977 to 1987, from the Coot 
Bay-Everglades National Park area, recorded Willets each year: average yearly total 
1,313; maximum yearly total 3,288; minimum 1,111. Fewer numbers recorded from Key 
Largo and the Lower Keys. 


Seasonality. Migration pulses, March to May and July to September. Breeding, April 
to June. 


Habitat/Natural History. Sandy beaches, mudflats, and salt marshes. Swims readily. 
Nests semi-colonially. Nests in hollows amidst short, sparse vegetation, often in open 
areas or central hardpan of islands or Keys. Eggs, 3 or 4; incubation period, 22 d; 
young ambulatory at hatching; age to fledging not known. 


Foraging. Bill lengths, to 5 cm. In salt or brackish waters. Often in intertidal zone. 
"Probes and snatches” while wading or walking on beach. 


Prey/Food. Crustaceans (Uca sp., Sesarma sp.), snails (Littorina sp.), marine worms, 
insects, and small fishes (Howell 1932). 


Comments. Intertidal habitat and considerable wading by this bird could jeopardize 
individuals in oil-polluted waters. 
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5. Gulls (non-pelagic) [Family Laridae:Larinae] 


Bonaparte’s Gull - Larus philadelphia 


Occurrence in Study Area. WR; uncommon. CBCs, 1977 to 1987, from three points in 
the study area: a total of 73 birds for an average of <7/yr; maximum yearly total 19; 
one year, none recorded. 


Seasonality. Fall arrival, September to November; spring departure, April to May; 
wintering birds, October to May. 


Habitat/Natural History. Breeds in lowlands of North American taiga. In winter, 
frequents shorelines, bays, harbors, salt marshes, mudflats, inland freshwater ponds and 
lakes, and, on the seacoast, can be found on “waters well beyond the breakers” (Lowery 
1974). Clapp et al. (1983) noted that some stay offshore for “extended periods.” 
Gregarious. Swims buoyanily. 

Foraging. Versatile: swims to food at surface, “picks” from mudflats. Forages along 
beaches. Wolf and Gill (1961) described a migrating group diving into the water (from 
0.5 to 1.5 m above it), some birds completely submerging. King (1973) saw this gull 
“foot paddling” to stir up small organisms in tidal pools. 

Prey/Food. In Florida, diet is: half fish; one-third insects; and the remainder, small 
snails, crustaceans, etc. (Howell 1932). 


Comments. There are only small numbers in extreme southern Florida; their habits 
make them vulnerable to oil on water or beaches. 


Herring Gull - Larus argentatus 


Occurrence in Study Area. WR, MV. Throughout the study area. CBCs, 1977 to 1987, 
from three points in the study area: average yearly total 55; maximum yearly total 108; 
minimum, 27. 


Seasonality. Fall migrations, October to November; spring, April to May, wintering 
birds and migrants, October to May. A few immatures may remain all summer. 


Habitat/Natural History. Breeds from Alaska and Labrador south to South Carolina. 
In winter, in littoral areas and inshore waters. Gregarious with other species. 


Foraging. Predator, scavenger, kleptoparasite. “Dipping to surface” and lands to take 
food; “surface-plunging” to shallow depths, plunging from as high as 7 m. Aerial pursuit 
of small birds and insects. 


Frey/Food. Invertebrates and vertebrates, live and/or dead. Algae. Frequents garbage 
um ps. 


Comments. Numbers reaching South Florida are small and are usually immature birds. 
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Laughing Gull - Larus atricilla 


Occurrence in Study Area. SR, WR, MV, PR? Abundant year-round. Northern 

ing ‘irds move into South Florida in fall, many continue on to winter south of 
Florida; local birds disperse widely after breeding (Cramp et al. 1983). Breeds on Keys 
of both upper and lower Florida Bay, as many as 26 of such Keys utilized (Frohring and 
Kushlan 1986). CBCs, 1977 to 1988, from three points in the study area: average yearly 
total 3,926; maximum yearly total 8,012; minimum 1,084. Frohring and Kushlan (1986) 
reported 1,682 birds in Florida Bay at 19 nesting locations in 1982. 


Seasonality. Nesting, March to August (Dinsmore and Schreiber 1974). Northward 
migration, mid-March to mid-May, northern birds found in Florida December to 
February (Cramp et al. 1983). 


i . Coastal, inland waters irregularly. Nests in colonies (see 
Kushlan and White 1977b); nests on sand dunes, high sand bars, and salt marshes; in 
the study area, nests frequently in relatively open centers of mangrove islets; nests 
usually amidst scattered low herbage. Nests, of dried interwoven grasses, lined, 
sometimes placed beneath mangrove branches. Colony sites reused. Eggs, 3 to 4; 
incubation 20 d; young brooded at nest, and ambulatory after several days; time to 
fledging unknown. Calls of adults are a picturesque part of the coastal landscape. 


Foraging. “Dips to surface” for fish. Follows ships for refuse. Inland, flocks follow 
ploughs and forage overturned soil for exposed invertebrates. Scavenges littoral areas. 


Feeds at garbage-disposal facilities. 


Erex/Food. Chiefly fish, and a variety of scavenged animas and materials gleaned from 
refuse. 


Comments. Because Laughing Gulls feed from the surface and rest upon the water, 
they are vulnerable to oiling. At times, the birds congregate (often in very large 
numbers) on sandbars in estuaries or offshore; here they loaf, roost, or wait for the tide 
to change; at these times, the birds would be extremely vulnerable to oil spills that wash 
ashore. When not breeding and confined to nesting-colony areas, gulls move over large 
areas and large flocks can gather; in the event of heavy mortality of fish, birds, etc. in 
the study area, scavenging gulls themselves could be affected. During nesting, oiled 
adults could oil both their eggs and young. 


Ring-billed Gull - Larus delawarensis 
Occurrence in Study Area. WR, MV. Throughout the study area. CBCs, 1977 to 1987, 
from three points in the study area: average yearly total 989; maximum yearly total 
1,916; minimum, 437. 
Seasonality. Fall arrivals, October to December. Peak numbers present January to 


February. Spring migration, February to early April. Some immature birds remain in 
summer. Present October to April. 


Habitat/Natural History. Breeds mainly interior lowlands from boreal areas to the 
prairies, Canada and U.S. Coastal in the winter. Gregarious with own species and 


other gulls. Clement and Murphy (1987) reported 25,000 roosting on the ocean. 


Foraging. As other gulls: picks from ground, from water’s surface while swimming, or 
while hovering. Searches the coastlines from flight and lands to forage. 


Prey/Food. Invertebrates, vertebrates, refuse, and garbage-dump materials. 
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Comments. In jeopardy from oil on water and beaches, as other gulls. Roosting 
assemblages afloat would incur extensive mortality from floating oil. 


6. Terns [Family Laridae: Sterninae] 

Arctic Tern - Sterna paradisaea 
Occurrence in Study Area. MV, rare. This is an inter-hemispheric migrant which, in 
fall, passes offshore the east coast of Florida. Since 1952, a number of sight records 
have been made, as well as some specimens collected along the cast coast, including one 


from Islamorada, Monroe County. There are now fail records from the Gulf coast 
(Wamer 1980). 


Seasonality. Irregular fall and spring. 


Habitat/Natural History. Breeds on Arctic tundra. Winters pelagically in Southern 
Hemisphere. 


Foraging. “Plunge-dives.” 
Prey/Food. Unknown in Florida waters. 
Comments. Oiling potential of no concern in the study area. 
Black Noddy - Anous minutus 
See discussions in Dry Tortugas and Pelagic Birds Sections of Chapter 9. 
Occurrence in Study Area. SR. Dry Tortugas and surrounding ocean. 
Black Tern - Chilidonias niger 


Occurrence in Study Area. MV while en route between North American inland nesting 
grounds, and Central and South American wintering areas. Bulk of migrants appear to 
be trans-Gulf oricnted and those of concern regarding the study area, more likely in 
western part. Buhrman and Hopkins (1978) reported 1,000+ on 25 September 1976, as 
well as scattered numbers on 8 May, 31 July, 27 August, and 17 September, and five 
groups on 10 October -- all more than 32 km (17.3 nmi) offshore Pinellas County. 


Seasonality. Fall, July to November; spring, March to April. 


Habitat/Natural History. Old and New World. When in migration, known to fly in 
very large flocks and roost on beaches in “close” ranks (Sprunt 1954). 


Foraging. Most commonly “dips to surface,” “plunge-diving” less commonly, only 
sometimes submerges head, occasionally body to wing tips. Acrial pursuit of insects. 
Gregarious at all seasons. 

Prey/Food. During migration, fish and crustaceans, and insects where available. 


Comments. Of concern: offshore oil during migration periods. 
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Bridled Tern - Sterna anaethetus 
See also sections on Pelagic Birds and Dry Tortugas in Chapter 9. 


(Cramp et al. 1985). Nests abundantly on islands of and Caribbean, including 
rs Se ae on oy Te ee pny ae oe Se 
Cay 


Seasonality. Occurs at all seasons. University of Miami Reference Collections contain 
South Florida specimens from: April, May, August, September, and December. 


Habitat/Natural History. Pan-tropical. Primarily offshore and not pelagic (Cramp ct al. 
1985), although regarded pelagic by many, ¢.g. Bond (1985). 
Chiefly from surface by “hovering and dipping.” Follows schools of predatory 


Foraging. 
fish for small fish they drive to surface. Active at night. Often in mixed-specics flocks. 
When nesting, tends to forage in deep, offshore waters. 


Prey/Food. Small fish and planktonic invertebrates, including crustaceans and molluscs. 


Comments. Only scattered numbers of these birds would be endangered by an offshore 
oil spill; oil that might spread from the study area towards Cay Sal Bank, where terns 
breed and from which forage, a concern. 


Brown Noddy - Anous stolidus 
See discussions in Dry Tortugas and Pelagic Birds Sections of Chapter 9. 


Occurrence in Study Area. SR. Dry Tortugas and surrounding ocean. Pelagic when 
not breeding. 


Caspian Tern - Sterna caspia 


Occurrence in Study Area. WR, probably MV. CBCs, 1977 to 1987, from three points 
in the study area for a total of 1,281: average yearly total about 116, maximum yearly 
total 167, minimum, 69; most numerous from Coot Bay-Everglades National Park. 
Probably occurs everywhere throughout the study area. Now known to nest as far south 
as Tampa area (Schreiber 1978b). 


Seasonality. Arrivals in fall, October to December; departures, March to April; present 
in the study area, October to April. 


Habitat/Natural History. Along the coastlines, bays, estuaries, and in freshwater 
weilands. The largest tern, it has much similarity to gulls: in flight (soars), waddling 
walk, lurching run, swimming, etc. Associates with Royal Terns. 


Eoraging. Plunges for fish, swims and dives (even in rough water), “dips to surface,” and 
occasionally feeds as does the Skimmer (Cramp et al. 1985). Robs other larids of prey. 


Prey/Food. Mainly fish, including mullet (Howell 1932), and some invertebrates. 


Comments. Concerns for this species mitigated by the relatively small wintering 
population present, but these birds will be in jeopardy if intertidal areas are washed with 
oil. 
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Common Tern - Stema hirundo 


Occurrence in Study Area. WR, MV. Stated to have nested on the Dry Tortugas; if so, 
this was the only nesting locality within the study area (Robertson 1964). From CBCs, 
Root (1988) reported an abundance peak between Tampa Bay to “below Naples.” 
CBCs, 1977 to 1987, from three points within the study area: average yearly total 6; 
maximum yearly total 15; minimum, 2. Buhrman and Hopkins (1978) recorded 1,000+ 
on 25 September 1976, 42 km (22.6 nmi) west of Pinellas County, these were probably 
birds which could be expected to pass through the study area. Fritts et al. 
(1983) reported that these terns migrate in numbers 15 to 30 km from shore and that 
they - « possibly Forster's Terns or other “common group terns”) were present in 
oumbers i in December between the Dry Tortugas and Naples, Florida; the authors 


further suggested that these birds may be part of a “previously unrecognized 
concentration” of wintering birds. 


Seasonality. WRs and MVs, from about September to May. 


Habitat/Natural History. Old and New World; breeding 1 in Arctic, boreal, temperate, 
and subtropical coastal and inland areas. Coastal areas in winter. 


Foraging. Opportunistic in feeding (Cramp et al. 1985). Largely “plunge-diving” from 1- 
to 6-m heights; may hover, submergence partial or “dips to surface” for crustaceans and 
insects. Acrial pursuit of insects. Piracy of other sternids. 


Prey/Food. Chiefly fish and crustaccans as well as insects. 


Comments. Terns are vulnerable to oil in foraging areas and on beaches where they 
roost. 


Forster’s Tern - Sterna forsteri 


Occurrence in Study Arca. WR, MV. Throughout the study area. CBCs, 1977 to 1987, 
from three points within the study arca: average yearly total 144; maximum yearly total 
221; minimum, 22. See discussions of “common-group terns” above under the Common 
Tern. 


Seasonality. Presence of WRs and MVs, July to May; but stragglers can be seen at any 
time of year (Howell 1932). 


Habitat/Natural History. New World. Breeds largely inland. Migrates and winters 
along seacoasts. Frequcnts estuaries, Florida Bay, and area southwest of Marco Island. 


Foraging. Adapted for insect-feeding, and flight features frequent turns and fast and 
shallow wingbeats. “Plunge-dives” and “dips to surface.” 


Prey/Food. Mainly fish and insects. 
Comments. Vulnerable to oil. 

Gull-billed Tern - Sterna nilotica 
Occurrence in Study Arca. Occasional WR, MV; SR not far north (central Florida) of 
study area. CBCs, 1977 to 1987, from three points within the study area, recorded the 
species only from the Coot Bay-Everglades National Park area for a total of 239: 


average yearly total about 21; maximum yearly total 64, minimum, zero (once). 
Individuals widely recorded: Dry Tortugas, Rebecca Shoals, etc. 
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Seasonality. Northward-bound migrants arrive about March 10 (Sprunt 1954), pass to 
the north of the study area, and begin their southward movement through the study area 
in August to September. Some birds present nearly year-round. 


Habitat/Natural History. Lowland coasts, estuaries, lagoons, as well as inland lakes, 
rivers, and marshes. Less aquatic and less marine than most Sterninae (Cramp ct al. 
1985). Often only single birds, rarely more than two or three. 


Foraging. Hawks for insects, “swoops” to take prey from ground or water's surface. 
Legs are longer than most terns, and walks and runs easily to pick up prey (Cramp ct 
al. 1985). Most common fish-foraging by flying into wind, then “dipping to surface.” 
Only occasionally “plunge-dives.” 


Prey/Food. Great diversity: fish, other vertebrates, and invertebrates (emphasizing 
insects and crustaceans). 


Comments. Concern is minimal for the apparently small number of birds of the 
wintering population; however, what numbers of birds cross the study area during 
migration is not known. 


Least Tern - Sterna antillarum 
Florida Threatened (FGFWFC 1989) 


Occurrence in Study Area. SR. Distributed around beaches and landfills, ae ae 
Lower Keys, Dry Tortugas, and inland freshwater areas. In 1989, 1,000+ nests 

southwest of Caxambus and on northwest Marco Island (T. Below, pers. comm. 1989). 
Hovis and Robson (1989) list sites of nesting survey along mainland Florida Keys, from 
1 June to 1 July 1987; 37 Least Tern colonies on a total of 16 Keys, of these 59% were 
on dredge-material sites, and 38% on rooftops. 


Seasonality. In spring, arrives March to April; in fall, departs September to October. 
Breeding, April to July. 


Habitat/Natural History. Old World S. albifrons sometimes considered conspecific 
(AOU 1983). Nest, a scrape on vegetation-free substrate. Eggs, 2 to 3; iacubation, 20 
to 22 d; time to fledging, 28 d. Colonial in nesting. Where beaches inhospitable for 


nesting, now nests increasingly on gravel roofs. 


“Plunge-diving” by these birds a familiar Florida beaches; hovers 
a ey Ae stp Fad for prey. Sccnsslin lelien cues and aun 


water, and may fly several kilometers from nesting colony. 
Prey/Food. Fish, shrimp, and many small invertebrates. 


Comments. In the event of oil spills, special effort should be made to divert oil from 
beaches where these terns may be nesting. 
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Roseate Tern - Sterna dougallii 
Florida Threatened, USFWS Threatened (FGFWFC 1989) 


Seasonality. SRs arrive April, depart September; nesting May to August. WRs and 
MVs from North Atlantic coast areas and/or Caribbean nesting population. 


. Old and New World. Buckley and Buckley (1981) estimated 


: - ; . shine! 
scattered herbage, sand dunes, sand spits, rock and sandy fill, and limestone shorelines. 
Nest on often near debris or scattered plants. Eggs, 2; incubation period, 21 d; 
time to ing, one month; continue to feed young after fledging. 


Foraging. Largely “plunge-diving" into shallow and deep water; also “dips to surface”; 
hovers; follows schools of large fish which frighten smailer fish into jumping. Said to 
forage off reef edge of Boca Chica Key as well as edge of Upper Keys and into Gulf 
Stream (W. Hoffman, pers. comm. 1989). 


Prey/Food. Entirely small fish (6- to 8-cm long) (Robertson 1978d). 
Comments. The small study-area population, the only one in the U.S. south of North 


breeding colonies in north and central Florida (Barbour et al. 1976). CBCs, 1977 to 
1987, from three points within the study area: average yearly total 679, maximum yearly 
total 1,039; minimum, 300. Hundreds sometimes attend shrimp-fishing boat activities 
only a few kilometers west of the Dry Tortugas. 


. Numbers in the study area greatest in non-breeding season, September to 


April. Numbers offshore Naples area and Southwest coast may represent southward 
migrants Caribbcan-bound from northern Gulf colonies (Fritts et al. 1983). 
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. Coastlines, particularly inlets between bays and ocean, sand 


Occurrence in Study Arca. 
a ey Pettenn Cate tthe, ond ether exand puto 6 Gulf coast. Much 


Scand ame couse losis enctbeeed enue Cotpasen Ulsts goubabty MfVa on sents 
from three points within the study area: average yearly total 25; maximum yearly total, 


. Old and New World. Northern populations move to warm 
along coasts, in estuaries, at mud flats, mangrove-fringed shorelines, sandy beaches, etc. 


Foraging. “Plunge-dives* from usually 5 to 10 m; sometimes hovers before “plunge- 
diving’; immersion usually just complete. 


Prey/Food. Chiefly fish, occasionally shrimp. 
Comments. As with other terns, oil hazardous. 
Sooty Tern - Sterna fuscata 
See discussions in Dry Tortugas and Pelagic Birds sections of Chapter 9. 
a SR. Dry Tortugas and surrounding ocean. Pelagic when 
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7. Skimmers [Family Laridac: Rynchopinac] 
Biack Skimmer - Rynchops niger 

Occurrence in Study Arca. PR, WR. Abuncant in winter. In 1989, 150 nests on a 
sandbar south of Caxambus Pass (T. Below, pers. comm. 1989); possibly nests elsewhere 


in the study area. CBCs, 1977 to 1987, from three points within the study areca: average 
yearly total 848; maximum yearly total 1,628; minimum, 310. 


Scasonality. Numbers much augmented in winter. Northern migrants arrive September 
to October; depart March to April. 


Habitat/Natural History. Beaches, sand bars, spoil islands, causeway shoulders, and 
parking lots (loafing and roosting by day). Gregarious. 


Foraging. Largely nocturnal and crepuscular, but also by day. Lower mandible 


upper 
lower. Known to wade into shallow water and grasp small fish (Howell 1932). 


Prey/Food. Fish, crustaceans, and other marine invertebrates which may be close to the 
surface at night. 


Comments. Foraging usually in relatively still waters of bays, estuaries, etc. If birds 
would skim oiled waters at night, local and wintering populations could be seriously 


PROFILES OF LAND BIRDS 
A. The West Indian Avifaunal Element of the Study Area 


Occurrence in Study Arca. SR. Key West, Lower and Upper Keys, and mainland 
locally to at least Homestead. Rare and localized (Robertson 1978). 


Seasonality. April to September, nesting within this period. 


Habitat/Natural History. Open and semi-arid areas including landfills, scarified ground, 
etc. Nests on the ground. First found in Florida in 1942 (Greene 1946). 


Foraging. In flight; “hawks” for insects. 
Black-whiskered Vireo - Vireo altiloquus 
Occurrence in Study Arca. SR. Mangrove habitats throughout the study area. Nests. 
Seasonality. April to September. 
Habitat /Natural History. See Owre (1978b). 
Foraging. Canopy gleancr. 


Appendix B: Species Profiles of Birds 


Prey. Chiefly insects and their larvac. 
Comments. This is one of the characteristic summer birds of the mangrove forests. 


Cuban Yellow Warbler - Dendroica petechia gundlachi 


Occurrence in Study Arca. PR. Found from Key West to the mainland, and along the 
coast at least as far north as Miami (Robertson 1978h). CBCs, from three points within 
the study area, 1977 to 1978: average yearly total 12; maximum ycarly total 19, 
minimum, 5. Since it is possible that northern subspecies of the Yellow Warbler may 
winter in southern Florida, it is not possible to state if these records are indeed of the 
Cuban Yellow Warbler. 


Seasonality. Breeds January to July. 

Habitat/Natural History. Almost entirely the fringing red mangrove swamps. 
Eoraging. Canopy feeder for insects. 

Prey. Almost entirely insects. 


Comments. The first Florida records were from the Lower Keys in 1941 (Greene 1946). 
The subspecies is actively extending its range northward. 


Gray Kingbird - Tyrannus dominicensis 


Occurrence in Siudy Arca. SR. Found wherever there are scattered trees, particularly 
mangroves. Coastal situations favored. Nests. 


Seasonality. April to September. 

Habitat/Natural History. Abundant on the Keys and peninsular rim. Has spread 
northward into the peninsula and there entered quite different habitats: pincland, 
agricultural, suburban, ctc. Perches on wires. 

Foraging. Perches (exposed positions) and darts aftcr insects. 


Prey. Almost entirely insects. 


Mangrove Cuckoo - Coccyzus minor 


724 


Occurrence in Study Arca. PR. *...most common in the Lower Florida Keys, along the 
south coast of the mainland, and in the Ten Thousand Islands” (Robertson 1978f). 
Secretive and difficult to census. 


Seasonality. Known cgg dates 17 May to 10 July. 


Habitat/Natural History. Not entirely restricted to the mangroves; also found in beach 
scrub, tropical hammock, etc. adjoining mangroves. In West Indies, less restricted to 
mangrove habitat. a a Eggs, 2; incubation period 
and time to fledging unknown 

Eoraging. Arborcal, gicans. 

Prey. Caterpillars, many other insects, spiders, and some fruits. 
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of this species within the study arca. 


Mourning Dove - Zenaida macroura macroura 


Mourning Doves range over much of U.S. south to Panama and the West Indies. Z. m. 
carolinensis is the breeding subspecies for castern and southeastern U.S. including much 
of the Florida peninsula. On the Florida Keys, it is replaced by Z. m. macroura, the 
subspecies found in Cuba and the West Indices (Aldrich and Duvall 1958). 


Occurrence in Study Arca. PR. Reasonably abundant throughout the Keys and 
adjacent portions of the peninsula. CBCs, from three points within the study area, 1977 
to 1987: average yearly total 134; maximum ycarly total 171; minimum, 91. Mourning 
Doves of the northern subspecies winter in southern Florida; it is impossible to state 
whether these CBC counts are of the West Indian subspecies or the northern one since 
they cannot be reliably told apart in the ficld. 


Seasonality. Breeds in many months of the year. 

Habitat/Natural History. Common in open woodland and within cultivated lands with 
nearby scattered trees and bushes. Suburban areas. 

Foraging. A ground-foraging, graminivorous bird. 

Prey. Weed seeds and grains; minimal animal material. 


Comments. pred peg bee meagre nat = Anger rm» heals 
<= pn nr would respond, however, to degradation of land areas. 


Smooth-billed Ani - Crotophaga ani 


Occurrence in Study Arca. PR. CBCs, from three points within the study area, 1977 to 
1987: average yearly total 16; maximum yearly total 38; minimum, zero (one time). 


Habitat Natucal History Varied habitats of the Keys, typically open arcas with 
to some extent. First records and nestings in Florida in 


scattered growth, mangroves 
the 1930s (Sprunt 1954). Now throughout Keys and lower portion of Florida peninsula. 
Lives in flocks and nests communally. 


Foraging. Forages in loose flocks, commonly on ground. 

Prey. Grasshoppers, lizards, etc. 

Comments. Common in South America and the West Indies, this Ani has been a 
successful colonizer. Its appearance, social life, and unusual nesting habits (Loflin 1983) 
make it an exceedingly interesting member of the terrestrial avifauna. 


White-crowned Pigeon - Columba leucocephala 
Florida Threatened, USFWS Under Review 2 (FGFWFC 1989) 


Occurrence in Study Arca. 

Florida Keys to the Marquesas, throughout Florida Bay, and along the southern rim 
the peninsula. A portion of the breeding population migrates to winter in Cuba, the 
Bahamas, and other Caribbean islands where others of the species nest. Forages in 
open forest and other habitats of the Keys and mainland. CBCs, 1977 to 1987, from 
three points within the study areca: average yearly total 87; maxim 
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minimum, 50. Note: the CBC data reflect only the wintering population of this species 
which is largely a SR. 


Seasonality. Spring arrivals irregular: April to May; fall departures aot well 
documented, about August to October; breeds May to about August. 


Habitat/Natural History. Major range of this tropical columbid is the islands of the 
apeven coe bhp eeber thea eeng yt neared dpe Colonial in nesting. Nests 
in mangroves, one nest/tree. Eggs, 1 to 2; incubation, about 14 d; time to fledging, 
about 21 d (Wiley and Wiley 1979). May have two broods. Roosts communally. 


Foraging. Frugivorous, arboreal; gleans. In Florida, conspicuous in early morning and 
during evening flights to and from mangrove islets and foraging situations of higher 
ground. 


Prev/Food. A large variety of fruits and berries (e.g., of strangler fig Ficus aurea, 


poisonwood Metopium toxiferum, cocoplum Chrysobalanus icaco, Royal Palm Roystonia 
sp., etc); also snails and small insects. 


Comments. The White-crowned Pigeon is a unique component of the mangrove 
ecosystem (Owre 1978a). Elsewhere in its range, the species has experienced drastic 
declines in numbers and has been extirpated from some islands (Wiley and Wiley 1979). 
Florida is one of few places wher: adults and squabs are not hunted. Long-term 
damage to and/or disturbance within large areas of the red mangroves would be serious 


for this population. 
Endemic Subspecies of the Study Area 


Cape Sable Seaside Sparrow - Amodramus maritimus mirabilis 
Florida Endangered, USFWS Endangered (FGFWFC 1989) 


Occurrence in Study Area. PR. Range of this endangered subspecies formerly 
restricted to four areas within extreme southern Florida. The Cape Sable range within 
the cordgrass (Spartina bakeri) marsh stretched from Flamingo to northwest Cape Sable 
and is now unoccupied or nearly so (Kushlan and Bass 1983b) as is the 
Ochopee-Carnestown range. The remaining areas of its range are inland from the 
coast: East Everglades, Taylor’s Slough, and Big Cypress National Preserve. Remaining 
population in 1981 was 6,600 birds (Kushlan and Bass 1983b). 


Seasonality. Breeds February to August. 
Habitat/Natural History. This “seaside” sparrow now inhabits freshwater marshes 
dominated by muhly grass (Muhlenbergia sp.). Nest, a cup or dome of fibers suspended 


within a grass tussock (Werner 1978). Eggs, 3 to 4; incubation, 11+ d; leaves nest as 
“pedestrian”; flies 10 to 20 d later. 


Foraging. On ground. 
Prey. Insects, spiders, worms, small snails, etc. 


Comments. Present inland habitats would seem to render it sufficiently removed from 
the dangers of floating spills. 
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Prairie Warbler - Dendroica discolor paludicola 


Occurrence in Study Area. PR, some probably only SR. Found in mangroves 
everywhere within the study area. CBCs, from three points within the study area, 1977 
to 1987: average yearly total 194: maximum yearly total 364; minimum, 92. It is not 
known to what extent the northern subspecies (D. d. discolor) winters in extreme 


southern Florida. The endemic subspecies (D. d. paludicola) is probably sedentary, but 
these counts cannot be assumed to be entirely those of the endemic individuals. 


Seasonality. Breeds February to July. In winter, some migrate to the West Indies 
(Stevenson 1978). Birds of the northern subspecies migrate through the study area and 
some may winter. 

Habitat/Natural History. Almost entirely restricted to mangroves when breeding. 
Nests are in mangroves, and of plant fibers. Eggs, 3 to 5; incubation, 12 to 14 d; young 
fledge 8 to 10 d. 

Foraging. Gleans through the canopy for insects. 

Prey. Insects and small invertebrates. 


Comments. The birds of this ecological race derive their energy from the insect and 
invertebrate fauna produced by the mangrove habitat. Degradation of this habitat could 


affect this unique subspecies. 
C. Migrants That Pass Through the Study Area in Spring and/or Fall 
Barn Swallow - Hirundo rustica 
Occurrence in Study Area. MV, very uncommon WR. CBCs, 1977 to 1987, recorded 
Barn Swallows on eight occasions for a total of 31 birds from the Coot Bay-Everglades 
National Park arca and five from the Lower Keys. One of the abundant spring and fall 
migrants through the peninsula and the study area, the Dry Tortugas included. 
Seasonality. July to October; April to May. 
Habitat/Natural History. The swallows fly low, coursing over the canopy, ground, and 
water. Hundreds may pass by during a day and their passage continues for weeks 
during the fall; for a shorter period in the spring. Numbers may roost in close ranks on 
utility wires and dead trees. 
Foraging. As they migrate, swallows forage for insects. 
Prey. Almost entirely flying insects. 


Comments. The insect fauna of the study area is important, energetically speaking, to 
the migration of this species. 


Blackpoll Warbler - Dendroica striata 


Occurrence in Study Area. MV. The Florida peninsula is a major spring Flyway of this 
warbler en route from South America (Lincoln 1939). 


Seasonality. April to May; to some extent, September to October. 
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Habitat/Natural History. In migration, forests including mangroves and tropical 
hammocks. 


Foraging. Searches leaves and blossoms for insects. 
Prey/Food. Insects and other small invertebrates. 


Comments. In spring, a large portion of the population of this species may forage 
through the arboreal habitats of South Florida. 


Occurrence in Study Area. MV. Large numbers pass over and/or through the study 
area en route to and from South America. 


Seasonality. April to May; August to October. 

Habitat/Natural History. Birds of prairies and grasslands. During spring, this writer 
has seen flocks of sometimes many hundreds pause on open ground, lawns, roadsides, 
etc. at the Dry Tortugas, Pigeon Key, Cape Sable, Marco Island, etc. Here, they were 
gleaning seeds and insects. 

Foraging. Specialized to feed on the ground where it hunts/gleans for food. 
Prey/Food. Largely seeds, to some extent insects. 


Comments. Numbers of this species are, at times, dependent upon plant and insect 
productivity of the study area for continuance of their migration. 


Cape May Warbler - Dendroica tigrina 


Occurrence in Study Arca. MV, uncommon WR. One of the most abundant warbler 
migrants in both spring and fall. Woodland habitats including mangroves and tropical 
hammock. CBCs, from three points within the study area, 1977 to 1987: average yearly 
total 5; maximum yearly total 20, minimum, 1; these data emphasize that small numbers 
of this warbler winter here. 

Seasonality. March to April; September to November. 


Habitat/Natural History. Breeds in the coniferous forests of the Boreal Zone and 
winters in the West Indies. It is mostly a bird of the canopy. 


Foraging. Searches leaves and blossoms for insects. 
Prey. Insects and small berries. 
D. Land Birds That Only Winter in the Study Area 
Belted Kingfisher - Ceryle aicyon 


Some species of kingfishers are atypical land birds in that they forage within aquatic 
situations for their food. 
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Occurrence in Study Arca. WR, MV. Is found wherever still, clear water occurs along 
the mangrove coast, Keys to the Marquesas, isicts of Florida Bay, the Southwest Florida 
coast, and brackish and freshwater areas inland. Dry Tortugas, at least in migration. 
CBCs, 1977 to 1987, from three points in the study area: average yearly total 140; 
maximum yearly total 167; minimum, 109. 


Seasonality. Fall arrivals, August to November; spring departures, March to May. 
Wintering birds, probably August to May. MVs to and from West Indies. 


Habitat/Natural History. Virtually wherever there are water and suitable perches. 
Does not nest in southern Florida, although Howell (1932) gives a record from 
Flamingo--such cannot be widespread. Roosts on perches near water. Noisy. 


Foraging. “Plunge-dives,” often hovering first. Only head in water or complete 
Requires clear, relatively still water. Uses perches such as dead 


branches, posts, wires, etc. from which to sight prey. Solitary and territorial. 


Prey. Largely fish, also small snakes, turtles and other vertebrates; crustaceans, insects; 
along coasts, known to take clams and oysters (Terres 1980). Disgorges indigestible 
material as pellets. 
Comments. Because they require clear water for sighting prey, kingfishcrs might not 
forage in oil-sovered water. Any lingering oil, however, would “dislocate” birds from 
what may well be “traditional” wintering territories. 

Blue-gray Gnatcatcher - Polioptila caenslea 

. WR, some MV. Common peninsular rim; Keys to the 


Occurrence in Study Arca 
Marquesas. CBCs, 1977 to 1987, from three points in the study area: average yearly 
total 513; maamum yearly total 869; minimum, 269. 


Seasonality. July to April. 


Habitat/Natural History. Tropical hammocks, mangrove forests, and suburban yard 
trees. 


Foraging. Gleans leaves and “flycatches.” Very active. 
Prey. Beetles, ants, flies, gnats, and insect eggs and larvae. 

Palm Warbler - Dendroica palmarum 
Occurrence in Study Arca. WR, MV. Wherever there is open ground, either uplanc or 
beaches. CBCs, 1977 to 1987, from three points in the study areca: average yearly total 
36, maximum yearly total 610; minimum, 206. 


Seasonality. Present September to May, migration pulses, September to November and 
March to May. 


Habitat/Natural History. Largely terrestrial. “Flycatches” and “plucks” food from all 
types of open areas. 


Foraging. Almost exclusively on the ground, rarely from branches. Partial to roadside 
shoulders, pastures, city parks, littoral drift lines, and beaches. 


Prey. Insects, ants, and spiders. 
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Comments. One of the commonest wintering species in Florida (Griscom and Sprunt 
1957). 


Tree Swallow - Tachycineta bicolor 


WR. Land areas of the peninsular rim; less common on the 


Occurrence in Study Arca. 
Keys. CBCs, 1977 to 1987, from Coot Bay-Everglades National Park: average ycarly 
total 1,586; maximum yearly total 14,647; minimum, 3. 


Scasonality. August to May. 

. This swallow can winter in North America because it shifts its 
diet from insects to fruit (in winter). 
Foraging. Moves across the landscape in loose flocks; dense aggregations swarm around 
trees with fruit that is being harvested. 
Prey. Flying insects; in winter, feeds on fruits of wax myrtle, Virginia creeper, and other 
native plants. 

Yellow-bellied Sapsucker - Sphyrapicus varius 


Occurrence in Study Area. WR, some MV. Keys and the mainland rim. CBCs, from 
three points within the study area, 1977 to 1987: average yearly total 9; maximum yearly 
total 17; minimum, 4. 


Seasonality. October to May. 


Habitat/Natural History. Breeds in the boreal-hardwood forests of much of northern 
North America. In winter, frequents mangroves, tropical hammocks, and other tree 
growths. 


Foraging. Sapsuckers carve holes in the bark of trees and shrubs and feed upon the 
phloem sap and insects attracted to it. 


Prey. Sap, bast (phloem tissue), insects, and, less commonly, fruit. 


Comments. Old sapwells on tree trunks in the study area attest to the productivity of 
the trees in sustaining winter populations of these birds. 
E. Permanent Residents Common to Southeastern U.S. and South Florida 


Florida Species of Special Concern (FGFWFC 1989) 


beset reding dispersal (Owre 19180)" CB a — 
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Seasonality. Nests November to May. 

ground including: vacant landfi wide 
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Prey. Insects, lizards, small birds, and mammals. 
Red-bellied Woodpecker - Melanerpes carolinus 
i PR. Upland woodlands, tropical mangroves, 
1977 to 1987: average yearly 
~ fet Bh y-4 ye - +h dee ” 
Seasonality. Breeds February to July; multiple brooded. 
Almost any sparsely or densely wooded ~ Lf. 


urban suburban parts, jade Moves back and forth from 


mangroves. Cavity nester 4 to 5; incubation 11 timate fedeing sbout 25 
follows parents for about 6 en 7 . . 


i rena teapeaaerateaneaaienicaeeeans Gleans 


Prey. Insects and much material incl sae ane and berries. In 
tunnels for termites Prrknotermes sm eotermes sp. which both have a high 
tolerance for t 


Se ee This woodpecker is an integral part of the mangrove community and other 


ee - Agelaius phoeniceus 


PR. Ry 4 te habitats of virtually all land areas 
Keys tothe Marquesas. *, Som eee pena Se 
study area, 1977 to 1987: average yearly total ,726; maximum yearly total 2,893; 
minimum, 


Seasonality. Nesting May to July. 

yg Marshes and swampy habitats as well as pastures, lawns, and 
dwarf ma buttonwoods, yy - 3 to 5; 

incubation, 11 d; leaves nest at 10 d by climhi ng from it - Nest 

approximately coincides with onset of, rainy 1. and with increasing numbers 

insects (particularly aquatic insects), important as food for young. 


Foraging Hunts thr cannes ann otter cuuets @ growth as well as bushes of marsh 
t 


arcas. In winter, y segregated flocks often forage on the ground and roost in 


Prey/Food. Aquatic insects (their larvae in particular). In winter, weed seeds and 
grains. 


White-eyed Vireo - Vireo griseus 
PR, some MV. Generally distributed over the landmasses 


area; present throughout the year. CBCs, from three points within the 
study pm 1977 to 1987: average yearly total 78; maximum yearly total 113; minimum, 


eee. —_ pulses, March to May and September to November; breeding, 
to ; 


Habitat {Natural History: A bird of the thickets and bushes of the — ey Nest of 
: to five feet above ground in a bush. Eggs, 3 to 5; incubation, 12 to 15 d; 
age at fledging? 

Foraging. In bushes and thickets; never far from ground. Hunts methodically. 


eee Insects and small invertebrates; some fruit in fall and winter, ¢.g., wax 
myrtic. 
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